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Computer Analysis of Production Costs 
for Containerized Nursery Products 
JERRY L. ROBERTSON, DAVID B. PERRY, and AARON J. SUPOWIT1 
ABSTRACT 
An interactive computer program was developed 
to determine containerized nursery production costs. 
The user reads in direct and indirect expenses, produc-
tion square footage, estimated shrinkage, desired rate . 
of return on investment, and total equity investment. 
Nurserymen can determine costs for a specific plant 
species with variable container size, overwintering 
method, and production time. The program prints 
individual costs of production compared to average 
industry costs obtained in a rece~t survey of Ohio 
nursery businesses. Average industry costs can be 
updated annually to reflect the most current produc-
tion cost information. A portable computer terminal 
can be used to access the program by telephone from 
anywhere in the United States. Results can aid 
nurserymen in decisions concerning product mix, pro-
ducti.on levels, pricing, and promotion. 
INTRODUCTION 
Containerized nursery production has increased 
throughout the U. S. during the past two decades. 
Initially, many producers supplemented their field 
operations with containerized production. Current-
ly, ornamental plants sold in containers account for 
14% of total sales ( 5, 6). Previous studies indicate 
that labor is the largest single expense, accounting for 
approximately 40% of total costs (1, 2, 3). How-
ever, little detailed information is available on the 
costs of producing plants in a containerized nursery. 
The objectives of this study were to develop an 
interactive computer program to aid the nursery in-
dustry in establishing detailed production costs on a 
uniform basis and to establish a data base for average 
industry production costs for different size producers. 
Interactive means that the computer will prompt 
the user for information. 
MATERIALS AND METHODS 
Industry data for this study were obtained from 
10 wholesale nurseries producing containerized stock 
throughout Ohio during the summer of 1977 ( 4). 
The production cycle began with the insertion of a 
rooted liner into a container and terminated when 
the plant reached a marketable state. ·The entire 
!!Associate Professor and Graduate Research Associate,· Dept. of 
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production cycle was segmented into eight separate 
cost factor divisions. These divisions were: canning 
program, fertilizer program, weed control program, 
shifting program, pruning program, spacing program, 
overwintering program, and overhead. A range of 
production costs associated with each cost factor di-
vision was developed. The values establishing the 
boundaries o.f the range represent actual costs for 
cooperating firms. 
The computer program estimates production 
costs. on both a square foot and production unit basis 
after being adjusted for space utilization, shrinkage, 
and desired rate of return on investment. Compara-
tive industry data provi.de benchmark costs which 
will serve as a guide for the individual nurseryman in 
evaluating his relative cost competitive position in 
relation to other nursery businesses of similar size. 
The computer program is an interactive pro-
. gram written in the Fortran IV programming langu-
age. Program users need not be programming ex-
perts or have any computer expertise at all to use the 
program. 
The cost analysis has two sections. First, pro-
duction costs were analyzed on the basis of a 12-
month production cycle for three container sizes: 1, 
2, and 3 gallon. Second, an analysis of production 
costs based on the information obtained from the first 
section was used to estimate costs associated with the 
production of different species of plant material hav-
ing different cultural requirements. In order to as-
sign production costs, cultural groupings were de-
veloped for several species which are handled similar-
ly throughout their production cycles. The repre-
sentative costs were applied to each cultural group-
ing and the corresponding cost category by the num-
ber of months needed to produce a saleable product. 
The analysis provides information about produc-
tion costs on a 12-month basis regardless of cultural 
grouping.· Detailed information concerning produc-
tion costs of specific plant material based 01). their cul-
tural requirements is also provided. The species in 
each cultural grouping are listed in Table 1. 
To develop comparative data, production costs 
from the 10 firms were divided into three size classi-
fications. The classifications are presented in Table 
2. 
Since the producer is ultimately interested in the 
profitability of the business, the 12-month production 
cost analysis frequently does not" provide adequate 
information. To evaluate profitability of many dif-
ferent types of plant material comprising the prod-
uct mix, production costs should be apportioned 
based on cultural requirements of different species 
classifications. For example, Group III plant ma-
terials (narrow leaf evergreens) require 24 months to 
reach saleable size in a 1-gallon container, whereas 
TABLE 1.-Plant Genus, Species, and Input c·ode 
by Cultural Group. 
Group I 
Berberis thunbergi 
Chaenomeles japonica 
Cotoneaster apiculata 
Cotoneaster horizontalis 
Euonymus alatus 
Ligustrum vu lgare 
Viburnum (species) 
Weigela hybrida 
Other 
Group II 
Buxus microphylla koreana 
Euonymus fortunei 
Mahonia aquifolium 
Pyracantha coccinea 
Cotoneaster dammeri 
Other 
Group Ill 
Chameacyparis (species) 
Pinus (species) 
Thuja (species) 
Other 
Group IV 
Rhododendron (species including Azalea) 
Pieris japan ica 
Other 
Production Cycles by Cultural Require~ents 
Code 
B T 
c J 
CA 
CH 
E A 
L V 
v 
WH 
OG 
B K 
E F 
MA 
p ~ 
C D 
0 G 2 
c 
p 
T 
0 G 3 
R 
p J 
OG4 
Cultural Time Required Time Requi~ed Time Required 
Group 
G~oup 
Group 
Group 
Group 
No .. l Containers No. 2 Containers No. 3 Containers 
months 
l 12 24 24 
II 12 24 24 
Ill 24 24 36 
IV 12 24 24 
TABLE 2.-Producer Classification by· Size. 
Producer Size 
Classification 
Small 
Medium 
Large 
Production Area* 
(square feet) 
Less than l 00,000 
l 00,000 - 400,000 
More than 400,000 
*Production area is defined as that area en-
closed within the hoop houses. 
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only 12 months are required for Groups I, II, and IV 
(Table 1). 
In order to assign costs to the various groups 
based on cultural requirements, the following as-
sumptions were made: 1) all plant materials saleable 
in 1-gallon or 2-gallon containers were canned and 
produced in their corresponding saleable container 
size, and 2) all plants saleable in 3-gallon containers 
were shifted once from 1-gallon containers. Produc-
tion times required in the nursery by cultural groups 
to obtain saleable size are listed in Table 1. 
Figure 1 is a flowchart representation of the com-
puter program. The program contains several sec-
tions which can be characterized as major input and/. 
or output sections. Each section, as denoted by num-
bered brackets, will be discussed. 
After completing the coded procedure for acces-
sing the program, section 1 (Fig. 1) establishes pre-
liminary information about the program user's busi-
ness and the total cost of sev~ra] overhead expense 
items for each production year. The first series of 
inputs is as follows: 
READ IN THE NUMBER OF YEARS FOR WHICH 
YOU WI LL ENTER DAT A. A MAXIMUM OF 
THREE YEARS MAY BE SPECIFIED. 
? 
THE FOLLOWING SECTIONS WILL ASK FOR DATA 
BY YEAR. 
Yes Yes 
OUTPUT: 
Cost/plant 
FIG. 1.-flowchart representation of container-
azed nursery product production cost computer pro-
gram. 
READ IN DATA FOR THE FIRST PRODUCTION 
YEAR. 
READ IN YEAR 
? 
READ IN SQUARE FEET IN PRODUCTION 
? 
READ IN PERCENT SPACE UTILIZATION 
? 
The number of years for which data will be entered 
should be the number of calendar years of production 
time to a maximum of 3 years. · The subsequent in-
puts establish general information for each year. 
Total cost for each of the following overhead 
costs for each production year is also input in sec-
tion 1 of the. program (Fig. 1). Requested overhead 
costs are as follows: 
READ IN COST OF INSURANCE 
? 
READ IN COST OF MACHINERY REPAIRS 
? 
READ IN COST OF BUILDING REPAIRS 
? 
READ IN COST OF UTILITIES 
? 
READ IN COST OF TAXES 
? 
READ IN COST OF OFFICE SALARIES 
? 
READ IN COST OF ADMINISTRATIVE AND 
OFFICE SUPPLIES 
? 
READ IN COST OF BUILDING AND GREEN-
HOUSE DEPRECIATION 
? 
READ IN COST OF EQUIPMENT AND MACHIN-
ERY DEPRECIATION 
? 
READ IN TOTAL EQUITY INVESTMENT 
? 
READ IN DESIRED RATE OF RETURN ON IN-
VESTMENT 
? 
Overhead cost is calculated on a space adjusted 
per square foot basis. Overhead costs are adjusted 
to reflect 100% space utilization in the production 
area. For example, if 90% production area space 
utilization is input by the program user, the output 
overhead cost/ft2 will be increased by 10% to reflect 
full space cost allocation to the area actually in pro-
duction. Table 3 presents a summary of program 
inputs to calculate overhead cost/ft2/year. 
If more than 1 year of data was specified in the 
preliminary information section, the program will re-
. quest overhead costs for the additional year or years 
in section 2 (Fig. 1). Rather than having to re-enter 
all the overhead costs, the program will ask 'if the sec-
ond year's overhead costs are the same as the first 
year's. If the costs are the same, no further overhead 
input is necessary because the program re-uses the 
TABL.E 3.-Summary of Program Inputs to Calcu- · 
late Adiusted Overhead Cost/Ft2 /Year. 
Read in Year 
Read in Square Feet in Production 
Read in Percent Space Utilization 
Read in Cost of Insurance 
Read in Cost of Machinery Repairs 
Read in Cost of Building Repairs 
Read in Cost of Utilities 
Read in Cost of Taxes 
Read in Cost of Office Salaries 
Read in Cost of Administrative and Office Supplies 
Reiad in Cost of Building and Greenhouse Depreciation 
Read in Cost of Equipment and Machinery Depreciation 
Read in Total Equity Investment 
Read in Desired Rate of Return on Investment 
first year's costs in calculating the second year's over-
head cost/ ft2 • If costs are not the same, the program 
recycles to the preliminary information section (sec-
tion 1, Fig. 1) and new data are supplied for the sec-
- ond production year. A simila~ procedure is fol-
lowed if a 3-year production time has been specified. 
Figure 2 presents sections 1 and 2 (Fig. 1) of the 
flowchart showing the cycling process for second and 
third year overhead cost data. 
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After overhead costs have been read in for each 
year, the overhead cost/ft2 /production year output is 
made ir: section 3 (Fig. 1) of the program. Table 
ARE OVERHEAD COSTS FOR 
THE SECOND PRODUCTION 
YEAR THE SAME AS THE 
FIRST PRODUCTION YEAR? 
ARE OVERHEAD COSTS FOR 
THE THIRD PRODUCTION 
YEAR THE SAME AS THE . 
SECOND PRODUCTION YEAR? 
FIG. 2.-0verhead cost data entry options for 
second and third production years. 
TABLE 4.-Sample User's Overhead Cost/Ft2 and Comparison to Industry Average. 
Overhead Costs per Square Foot for 1978 
Cost of Insurance 
Cost of Machinery Repairs 
Cost of Building Repairs 
Cost of Utilities 
Cost of Taxes 
Cost of Office Salaries 
Cost of Administrative and Office Supplies 
Cost of Administration and Management 
Cost of Building and Greenhouse Depreciation 
Cost of Equipment and Machinery Depreciation 
Return on Investment 
Total Overhead Cost per Square Foot ,1978 · 
Total Adjusted Overhead Cost per Square Foot 1978 
4 presents a sample overhead cost/ft2 output table 
for one production year. Overhead costs for each 
year are itemized as they were input, but now on a 
per ft2 basis (Table 4). The first column of the out-
put table, Production Cost, is the program user's 
cost/ft2 and the second column, Industry Average, is 
the industry average for the same size of producer as 
the user (Table 2). 
Total overhead cost/ft2 is calculated including 
return on investment and then adjusted to reflect 
100% space utilization. If overhead costs are the 
same for all production years, only one table repre-
senting all years will be printed. If overhead costs 
are different, a table for each production year will be 
printed. Industry average space utilization has been 
fixed at 90%, so industry average overhead cost is 
increased by 10 % . 
After printing the overhead cost table, the ·pro-
gram requests direct costs for a specific crop in sec-
TABLE 5.-Direct Inputs for Specific Crops. 
Print Initials of Genus and Species 
Read in Cost of Liner 
Read in Container Information 
Read in Container Size: l, 2 or 3 
Read in Container Material: Metal or Plastic 
Read in Container Labor: Manual or Mechanized 
Read in Container Mix: Commercial or Composted 
R~ad in Cost of Canning 
Read in the Code for Your Overwintering Method: 
l == Single Poly 
2 ==Double Poly 
3 == Double Poly and Heat 
Read in Months to Grow in Year 1978 
Read in Space (in2) Required in Year 1978 
Read in Overwintering Costs for Year 1978 
Read in Percent Shrinkage 
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Prc;idudion Cost Industry Av. 
Dollars Dollars 
0.015 0.013 
0.010 0.003 
0.004 0.003 
0.042 0.042 
0.002 0.002 
0.102 
0.002 
0.286 0.480 
0.041 0.006 
0.071 0.096 
0.158 0.047 
0.734 0.693 
0.798 0.770 
tion 4 (Fig. 1). The first input, Print Initials of 
Genus and Species, establishes the cultural grq;np for 
the specific plant. In the cost survey that this pro-
gram is based on ( 4), crops were grouped according 
to similar handling. practices (Table 1) . Average 
direct costs were then assigned to these groups. 
For use in this program, each genus and species 
within each group has been coded to facilitate input. 
The first letters of the genus and species are used for 
coding. Plants not specifically named, but handled 
in a manner similar to one of the groups, can be input 
by using the "Other" category for each group. Read-
ing the plant code cues the program as to which 
costs should be output as industry average costs for 
the selected cultural group. 
Table 5 present direct costs t4at must be read in 
for each crop. The container information section 
establishes the container size, type; labor, and growing 
media that the program user is utilizing, so that the 
appropriate industry average canning cost is printed. 
The user input cost of canning should include all costs 
associated with the container. Similarly, reading the 
code for the user's overwintering method cues the pro-
gram as to which overwintering cost should be printed 
as the industry average based on the overwintering 
method and producer size classification. In a later 
section of the direct inputs, the user supplies the spe-
cific overwintering cost. The user also supplies the 
production time (months), space required ( in2 ), and 
percent shrinkage in each production year (Table 5). 
After supplying all direct inputs, the product's 
total uniLcost is calculated and printed iii section 5. 
of the program (Figure 1 ) . Table' 6 presents a 
sample unit cost output table. Liner cos.t and can-
ning cost are printed as they were supplied. Over-
head cost is taken from the overhead cost/ft2 table 
TABLE 6.-Sample Output of Total Unit Production Cost. 
Plant Name-Berberis thunbergi 
Direct Cost per Plant: 
Liner Cost 
Canning Cost-1 Gallon Container 
Indirect Cost per Plant for the Year 1978: 
Overwintering Cost 
Overhead Cost (Space Adjusted) 
Other Costs: 
Estimated Cost of Fertilizing 
Estimated Cost of Weeding 
Estimated Cost of Shifting 
Estimated Cost of Pruning 
Estimated Cost of Spacing 
Total Cost 
Cost of Shrinkage 
Total Cost per Plant Adjusted for Shrinkage 
(Table 4) and re-adjusted to reflect actual plant 
space use and to change overhead costs from a square 
foot basis to a per plant basis. For example, if the 
program user's overhead cost/ft2 is $1.00 and each 
plant requires 1.5 ft2, the per unit allocation of over-
head cost would be $1.50 to reflect the unit's actual 
use of space. Other costs, such as fertilizing, weed-
ing, shifting, pruning, and spacing are estimated as 
· a fixed percent of production cost based on producer 
size classification and cultural group. The total cost 
per plant is calculated and printed for both the pro-
ducer and industry average. Cost per plant is in-
creased to include the cost of shrinkage, which has 
been fixed at 10% for the industry average. The 
final cost output is the total cost per plant adjusted 
for shrinkage. 
After the cost/plant output has been made, the 
user has two options in section 5 (Fig. 1). Figure 3 
presents these options in· flowchart form. First, an-
other crop can be analyzed. If another crop is to be 
analyzed, the program recycles to section 4 (Fig. 1), 
so that a new crop and direct costs can be read. All 
overhead costs remain as previously read. 
If the .user does not want to use the program for 
another crop, the , user has the option of using the 
whole program again or ending the computer session 
, (section 6, Fig. 1). If the program is to be re-used, 
the program recycles to the beginning and requests 
new data throughout the program. If the program 
is not to be used again, the computer session will be 
terminated. 
Table 7 presents a summary of program inputs. 
All data for the program user are variable and direct-
ly input except for cost items such as fertilizing, weed-
ing, shifting, pruning, and spacing, which are set as 
7 
Production Cost Industry Av. 
Dollars DoUars 
0.399 0.360 
0.280 0.228 
0.050 0.030 
0.554 0.347 
0.032 0.020 
0.030 0.019 
0.000 0.000 
0.032 0.020 
0.021 0.013 
1.398 1.037 
0.154 0.104 
1.552 1.141 
No 
FIG. 3.-Recycling of program for use with an-
other crop. 
TABLE 7.-Program Input Summary. 
Cost Factor User Industry Av. 
Canning Variable Annual Fixed 
Liner Variable Annual Fixed 
Overwintering Variable Annual Fixed 
Overhead Variable Annual Fixed 
Other: Annual Fixed 
Fertilizing Fixed Percent 
Weeding Fixed Percent 
Shifting Fixed Percent 
Pruning Fixed Percent 
Spacing Fixed Percent 
Av. Container Space Variable 
Production Area Variable 
Shrinkage Variable 
Space Utilization Variable 
Return on Investment Variable 
a fixed percent of production cost based on producer 
size and cultural group classification. These costs 
were not found to be significant cost factors, as can-
ning cost, liner cost, and overhead cost made up 80% 
or more of total production cost in most producer 
size and cultural group classifications in the study 
that the computer program is based ( 1, 4) . All 
industry average data are fixed by producer size and 
cultural group classification. All fixed data are 
fixed on an annual basis and will be updated as more 
recent 'cost' data become available. · 
RESULTS AND DISCUSSION 
The program can be accessed from anywhere in 
the United States with a telephone and portable com-
puter terminal. Output is received at the terminal, 
so the user receives immediate production cost analy-
sis results. All data for the program are prepared 
before accessing the program, so that the cost of using 
the program is minimized. Detailed production 
cost information should aid nurserymen in evaluating 
the profitability of specific crops, making decisions 
concerning product mix, and evaluating their busi-
ness' relative cost competitive position in comparison 
to businesses of similar size in the nursery industry. 
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Timing of Autumn Fertilization on Container-Grown Cotoneaster 
C. H. GILLIAM and W. J. SHEPPARD1 
ABSTRACT 
The response of Cotoneaster dammeri 'Royal 
Beauty' to fertilizer treatments applied through six 
dates from August through November was studied. 
Plants were overwintered under three different types 
of winter protection: single layer poly, double layer 
poly with supplemental heat, and microfoam. Opti-
mum growth and survival under single layer poly 
occurred with fertilizer treatments applied through 
Sept. 20. Storage of cotoneaster under double layer 
poly with supplemental heat ( 55° F) resulted in 
greater plant growth for plants fertilized through 
Nov. 30. With cotoneaster stored under microfoam, 
there were no differences in plant growth or survival 
with any of the fertilizer treatments. Fertilization 
through mid-September is recommended for fertiliza-
tion of container-grown nursery stock in the Mid-
west if plants are stored without heat. 
INTRODUCTION 
The correct timing of fertilizer applications is 
rece1vmg increasing attention throughout the coun-
try. Previous researchers ( 1, 9) have shown that 
correctly timed fertilizer applications will produce as 
much shoot growth as continuous fertilizer applica-
tions and at the same time reduce fertilizer require-
ments by approximately one-half. 
One area of fertilization that is becoming in-
creasingly important is autumn fertilization. Limited 
information is available concerning when autumn 
fertilizer applications should be terminated. Nu-
merous studies are available which have determined 
that increased nitrogen applications in the autumn 
may or may not influence hardiness of container-
grown nursery stock (3, 4, 6, 8). Spring growth, 
however, is dependent on storage nutrients which are 
accumulated before the spring growth flush begins 
· (2, 5, 7); usually those nutrients are taken up by 
this plant in the autumn. The 9bjective of this study 
was to determine the effects of fertilizer application 
applied through various dates on winter survival and 
spring growth of Cotoneast1er damm.eri 'Royal Beauty'. 
MATERIALS AND METHODS 
Rooted cuttings of 'Royal Beauty' cotoneaster 
were grown in a hardwood bark: sand medium 4:1 
(v/v) under normal nursery conditions from May 15, 
1978, until August 9, 1978. All plants received 200 
11Assistant Professor and Agricultural Technician, Dept. of Horti-
culture, The Ohio State University and Ohio Agricultural Research 
and Development Center. 
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ppm of N weekly, applied as Peters 20-20-20. soluble 
fertilizer. Starting on August 9, 18 plants were re-
moved from the fertilization program on the following 
dates: August 16, Sept. 6 and 20, Oct. 20, Nov. 1 
and 30. Thus treatments consisted of fertilizer ap-
plied through August 16, Sept. 6 and 20, Oct. 20, 
Nov. 1 and 30. No new growth occurred in the 
autumn after August 1 on: any treatment. 
On Dec. 4, six single plant replicates from each 
fertilizer treatment were plac~d in each of three win-
ter storage units: single layer poly covered house, 
double layer poly covered house plus supplemental 
heat ( 55°. F); ~nd microfoam-copolymer covering. 
Eight weeks later the shoot number was counted and 
length measured on plants in the ·supplemental heat 
house. All plants were removed from winter stor-
age units on April 1, 1979, and placed in a green-
house under natural photoperiods with day/night 
temperatures of 75/68° F + 5° F. Six weeks later 
visual rating and growth index data were taken. 
Winter damage was evaluated on a 0-4 scale, with 0 
TABLE 1 .-Effects of Autumn Fertilization on the 
Spring Growth Index of Cotoneaster dammeri 'Royal 
B~~V. . 
Treatment Growth Index (inches)* 
Date Single Layer Poly 
August 9 18 
September 6 15 
September 20 18 
October 20 20 
November l 5 
November 30 0 
LSDo.oJ 5.0 
height + width 
*Growth index=:-----
2 
Minimum Heat 
20 
2l 
21 
21 
21 
25 
2.0 
Microfoam 
18 
18 
18 
18 
18 
18 
NS 
TABLE 2.-Effects of Autumn Fertilization on 
Overwintering Damage of Cotoneaster dammeri 'Royal 
Beauty'. 
Treatment Visual Evaluation 
Date Single Layer Poly Minimum Heat Microfoam 
August 9 2A.* 0.0 0.0 
September 6 1.6 0.0 0.0 
September 20 0.0 0.0 0.0 
October 20 2.4 o'.o 0.0 
November l 2.6 0.0 0.0 
November 30 4.0 0.0 0.0 
*O =:no damage, 4 =: l 00 % damage. Values greater than 
2.0 are considered commercially unacceptable for Cotoneaster dam-
meri 'Roya I Beauty'. 
equaling no injury and 4 as 100% damage. A com-
pletely randomized design was used for this study. 
RESULTS AND DISCUSSION 
Severe winter damage occurred on plants stored 
in the single layer poly house when fertilizer was ap-
plied through the month of October (Tables 1 and 2). 
Data indicate that for optimum growth and mini-
mum winter injury in single layer poly houses, ferti-
lization should continue until the middle of Septem-
ber, when plants are grown under environmental con-
ditions similar to central Ohio. Cessation of fertili-
zer applications to plants stored under single layer 
poly prior to September resulted in unacceptable 
plants as a result of overwintering damage (Table 2). 
These data suggest that overwintering damage is 
!11-inimized if plants are in the proper nutritional 
status during the overwintering period. - However, 
growth the following spring was not enhanced by fer-
tilization beyond August when plants were stored un-
c:Ier single layer poly. 
Growth of cotoneaster was enhanced by late 
autumn fertilization (November) only when these 
plants were overwintered in a double layer house yvith 
supplemental heat. New growth began on these 
plants shortly after entering the overwintering struc-
ture in December; by January 30 new shoots on 
plants fertilized through November were considerably 
longer than other plants in the study (Table 3) . In 
fact, when supplemental heat is used in the overwin-
tering of container-grown plants, there may be some 
advantage to continued fertilization throughout the 
overwintering period if growth occurs in supplemen-
tal heat houses. 
Plants overwintered under microfoam were simi-
lar in size and quality regardless of the timing of 
autumn fertilization (Tables 2 and 3). 
This study was not designed to evaluate or 
recommend these three types of overwintering. Over-
wintering methods used in this study represent three 
TABLE 3.-Effects of Duration of Fertilizer Appli-
cations on Growth of Cotoneaster dammeri 'Royal 
Beauty' Occurring During Overwintering in Double 
Layer Poly Houses with Supplemental Heat (55° F). 
Treatment Number of New Shoots Length of New Shoots* 
Date (per plant) (inches) 
August 9 1.7 0.2 
September 6 14.3 1.2 
September 20 9.0 1.2 
October 20 3.3 0.4 
November l 25.0 2.0 
November 30 27.0 1.5 
*Determined by measuring the length of the three longest shoots 
per plant. _ 
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types of winter protection which may or may not be 
suited for practical use in commercial nurseries 
Various studies have suggested nitrogen reduces 
winter hardiness, increases winter hardiness, or has no 
effect on winter hardiness (3, 4, 6, 8). This study 
indicates that ha:rdiness (evidenced by lack of winter 
damage) does decrease with fertilizer applications 
applied in late autumn; however, increasing the level 
of winter protection can adequately compensate for 
continued autumn fertilization. Cessation of fertili-
zation in early August, which contributed to winter 
damage of plants when stored under single layer poly, 
did not affect . subsequent spring growth of plants 
stored under single layer poly or microfoam. 
This study indicates that once nutrients have ac-
cumulated after the last summer growth flush, ferti-
lizer applications may cease. Spring growth was not 
enhanced by late autumn fertilization and, in fact, 
late autumn fertilization may actually contribute to 
damage during the overwintering period. 
In summary, there is no advantage to continuing 
fertilizer applications past mid-September for con-
tainer-grown cotoneaster when those plants have been 
adequately fertilized during the growing season, un-
less plants are being overwintered with supplemental 
heat. · · 
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Nutrient Stability of O~erwintered Container-Grown Ornamentals 
WEN_DY J. SH~PPARD, CHARLES H. GILLIAM, and THOMAS A. FRETZ1 
ABSTRACT 
During overwintering, fluctuations of macronu-
trient levels in the leaves, stems, and roots of Coton-
easter dammeri C. K. Schneid. cv. Royal Beauty and 
Juniperus horizontalis Moench cv. Plumosa were stud-
ied. Phosphorus levels remained stable in all tissu~s, 
while tissue N levels fluctuated significantly through-
out the sampling period in leaves, stems, and roots of 
both species. Potassium, Mg, and Ca tissue levels 
showed periods of relative stability in both species. 
. INTRODUCTION 
Fertilizer applications, prior to the onset of dor-
mancy, have been shown to influence growth ( 7, 12), 
indicating that values obtained for tissue nutrient levels 
during dormancy may reflect tissue nutrient avail-
ability in the spring. Thus, nutritional imbalances 
observed during overwintering could be indicative of 
the plant's nutrient requirement and these imbalances 
could be corrected by application of fertilizer prior 
to spring growth. 
Information on macronutrient stability during 
overwintering is needed to determine if sampling dur-
ing this period is satisfactory for diagnostic use. Se-
veral studies with deciduous and evergreen crops indi-
cate that nutrient levels are unstable during the grow-
ing season ( 2, 5, 8, 14, 15). Stability of leaf nutrient 
levels during the winter months has been found with 
avocado ( 4, 11) and mango ( 10), and with Hicksi 
and Browni yew ( 9) during the fall and winter 
months. These data suggest that tissue nutrient 
levels in woody ornamentals sampled in late fall, win-
ter, and early spring may be more stable than tissue 
nutrient levels in plants sampled during the growing 
season. 
In the area of woody ornamentals, timing of the 
sampling procedure to coincide with periods of sta-
bility of tissue macronutrient levels has received 
limited attention ( 3, 9, 14). The purpose of this 
study was to determine if K, Mg, Ca, P, and N tissue 
levels in cotoneaster and juniper exhibit periods of sta-
bility during overwintering. 
MATERIALS AND METHODS 
On May 21, 1977, uniform 1-year-old coton-
easter and juniper liners were potted in 1-gallon 
plastic pots in a 2: 1: 1 (by volume) composted hard-
1Agricultural Technician, Assistant Professor, and Associate Pro-
fessor, Dept. of Horticulture, The Ohio State University and Ohio 
Agricultural Research and Development Center. Dr. Fretz is now 
Professor and Head, Dept. of Horticulture, Kansas State University, 
Manhattan. 
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wood bark/sphagnum peat/sand medium and grown 
in a nursery. Plants were treated weekly with 200 
ppm N, as 20-20-20 N-P-K soluble fertilizer, from 
May 30 until Oct. 1, 1977. Samples were taken 
twice monthly, from Oct. 14, 1977, through April 17, 
1978. Two plants were selected and combined as 
one sample from each of four replications, using a 
completely randomized design. On Nov. 30, 1977, 
the plants were covered with single layers of J-4-inch 
DuPont microfoam and 4 mil white copolymer. Snow 
was allowed to accumulate on this covering between 
harvest dates. 
After harvest, leaves, stems, and roots were 
forced-air dried at 70° C for 72 hr prior to recording 
the dry weights. Total N was determined by the 
micro-Kjeldahl method, P by the vandate-molybdate 
colorimetric procedure, Mg by atomic absorption 
spectrophotometry, and ~ and Ca by flame emission 
spectrophotometry. Periods of tissue nutrient sta-
bility were identified by determining ranges of non-
significant fluctuations of nutrient values over time, 
using the Waller-Duncan K-ratio t-test at the 5% 
level ( 1 f 
RESULTS AND DISCUSSION 
No significant fluctuations in K levels in co-
toneaster leaf tissue were observed from late Novem-
ber to mid-April. Juniper leaf K levels were stable 
throughout the study, with the exception of the final 
sampling period (Fig. 1). Potassium levels in co-
toneaster and juniper stems increased gradually after 
the plants were covered with the microfoam-copoly-
mer blanke~ and then leveled off (Fig. 1). This in-· 
crease may be due to the subsequent 81 % reduction 
in light intensity caused by the covering ( 13). Pre-
vious work with American holly has shown an in-
crease in leaf K levels when light intensity was re-
duced by 92 % ( 6). The increase in cotoneaster 
stem K levels was IT?-Ore gradual than that of the juni-
per stems and resulted in three overlapping periods 
of stability (Fig. 2). 
Juniper leaf Mg levels were stable throughout 
the sampling period, while levels in cotoneaster leaves 
fluctuated until mid-January, after which they stabi-
lized (Fig. 1). Cotoneaster stems and roots each" 
maintained two periods of stability of Mg levels (Fig. 
2) . Magnesium and K maintained _similar periods 
of stability for 1eaves and stems of both species, indi-
cating that factors affecting K levels may also affect 
Mg levels. 
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FIG. 1.-Fluctuations in mineral· composition of 
leaves and stems of Cotoneaster dammeri cv. Royal 
Beauty and Juniperus horizontalis cv. Plumosa during 
overwintering. 
Calcium levels in cotoneaster roots and juniper 
leaves were stable from mid-October to mid-March. 
Fluctuations of Ca levels in cotoneaster leaves and 
stems were similar; both were stable from mid-De-
cember to early April (Fig. 1). Significant changes 
in juniper root Ca levels occurred throughout the 
sampling period. Calcium levels in leaves of both 
species and in stems of cotoneaster had periods of sta-
bility similar to K and Mg. 
Phosphorus was the most stable nutrient in both 
species. Research with Hicksi yew has shown simi-
lar P stability ( 9) . Neither cotoneaster leaf and 
root nor juniper leaf P levels fluctuated significantly 
throughout the study (Fig. 1). Minor fluctuations 
in P levels occurring in cotoneaster stems and juniper 
stems and roots resulted in two periods of stability for 
each of these plant parts (Figs. 2 and 3) . 
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FIG. 3.-Periods of relative stability of N, P, K, 
Mg, and Ca levels in the roots, stems, and leaves of 
Juniperus horizontalis cv. Plumosa. 
FIG. 2.-Periods of relative stability of N, P, K, 
Mg, and Ca levels in the roots, stems, and leaves of 
Cotoneaster dammeri cv. Royal Beauty. 
No significant differences in the N levels in co-
toneaster stems were observed from mid-December 
to early April (Fig. 1). With the exception of short 
periods of stability of cotoneaster roots and juniper 
ste;ms (Figs. 2 and 3), N levels of all other samples 
fluctuated significantly throughout the sampling per-
iod. 
Suitable sampling periods can be recommended 
for diagnostic tissue analysis for K, Mg, Ca, and P in 
leaves and stems of cotoneaster and juniper. Coton-
easter leaves should be sampled from mid-December 
to early April and juniper leaves from mid-October 
to mid-March. The sampling period for cotoneaster 
stems extends from mid-January to early April and 
for juniper stems from mid-January to mid-March. 
Sampling of roots for diagnostic tissue analysis is not 
recommended. As a result of this study, a sampling 
time for tissue N during the dormant period cannot 
be recommended. · 
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Air Blanket-A Material_. to Protect Plants 
in Quonset ·Storage Structures 
EL TON M. SMITH, NORMAN LOWNDS, and SHARON A. TREASTER1 
ABSTRACT 
A product marketed as Air Blanket, a series of 
4-inch clear polyethylene tubes bonded together in 
blanket form, was evaluated as a cover over nursery 
stoc~< stored during winter in a single layer poly cov-
ered quonset house. The plants overwintered under 
the Air Blanket were in better marketable condition 
than control plants. Temperatures were higher un-
der the Air Blanket when compared to other means 
of winter storage. 
INTRODUCTION 
Storage of container grown nursery stock under 
single layer, poly covered, quonset shaped, storage 
units is satisfactory protection for the ·majority of 
plants. However, certain species which are .border-
line in hardiness or susceptible to root injury at 20° F 
or above are often injured during the storage period 
( 1). To assist in reducing injury, producers have 
added s~pplemental heat, but this procedure is ex-
pensive ( 3). Alternative techniques to heating in-
clude covering the structure with two lay~rs of poly 
or covering the plants with an insulative material 
such as microfoam or a single layer of polyethylene 
( 2). 
A new product was introduced into the nursery 
industry during the winter season of 1978-79 to be 
used directly over the plants similar to microfoam 
and the poly liner. The product marketed as Air 
Blanket is a series of inflatable 4-inch clear polyethy-
lene tubes bonded together in widths varying from 3 
to 6 feet and available in lengths to 500 feet. Each 
blanket has a noninflatable fl!'.1-P 4 inches wide on one 
side and 1 inch on the other to be used in attaching 
blankets together by heat bonding or stapling. 
A study was undertaken to compare the qual-
ity of selected container grown landscape plants fol-
lowing storage under the Air Blanket. A compari-
son of temperatures under the Air Blanket with other 
types of storage was also made. 
MATERIALS AND METHODS 
Storage structures located in a commercial nurs-
ery in New Carlisle, Ohio, were covered with single 
layer 4 mil white copolymer in early November. The 
Air Blanket was applied directly on the plants Dec. 
!!Professor, Dept. of Horticulture, The Ohio State University and 
Ohio Agricultural Research and Development Center; Research Co-
ordinator, Studebaker Nurseries, Inc., New Carlisle, Ohio; and 
Technician, Dept. of Horticulture, Ohio Agricultural Research and 
Development Center. 
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22, 1978, and inflated with a shaded pole blower. In" 
Ohio, this additional protection on the plants is 
needed only during the coldest weeks of winter, typic-
. ally from Jan.· 1 through the end of February. Two 
5 ft widths were stapled together and placed over all 
the plants on one side of the house. Plants on the 
opposite side of the hous~ were uncoyered and served 
as the control area. The houses were 185 ft long x 
20 ft wide with a 15-in aisle down the center. 
Plant species evaluated were: Berberis atropur-
purea 'Crimson Pygmy', Cotoneaster apiculata) Eu-
onymus kiautshovicus 'Manhattan', Hibiscus syriacus) 
Ligustrum x vicaryi) M agnoli'a x· Dr. Merrill, Pin us 
mugo mugo) Pyracantha coocinea 'Mohave', Syringa 
'Charles Joly' and Viburnum carlesi. A minimum 10 
plants/ species were replicated in three locations within 
the house. 
The temperature- data were recorded daily at 
10: 00 a.m. at plant height in several houses, including 
those with double layer poly, additional heat, and mi-
crofoam. These ·values are included for comparison 
purposes. 
The root, stem, and foliar tissue of the test plants 
were visually evaluated for injury on March 29, 1979. 
RESULTS AND DISCUSSION . 
The weather conditions of the 1978-79 winter 
season were not as extreme as the two previous years. 
The lowest· temperature recorded was -14° F on 
Jan. 10 and 11, and only 14 days of sub-zero tempera-
tures were recorded at the nursery. 
As a consequence of the relatively mild winter 
weather, plant injury was not extensive. Injury to 
certain plant species was evident, particularly the 
magnolia, Mohave firethorn, cranberry cotoneaster, 
mugo pine,' and Korean spice viburnum (Table 1). 
On the average, no plants stored under the Air Blank-
et were considered unsalable. Both firethorn and 
magnolia in the control group had visual root injury 
which would render them unsalable. 
Even though a rating of 7 is a salable plant, the 
objective is to achieve a rating. of 9 or above which 
indicates a minimum of injury. Generally the plants 
evaluated under the Air Blanket had visual ratings 
of 9 or above for both the vegetative and root systems. 
Plants stored without this additional protection were 
injured to a greater extent, particularly the root sys-
tems. 
The temperature data recorded during January 
TABLE 1.-Quality of Nursery Stock Following Storage for 3 Months in a Poly House with an Air Blanket Over 
the Plants. 
Plant Quality* 
Container Air Blanket Check 
Plant Materials Size Foliage Root Foliage Root 
Crimson Pygmy Barberry 7.3 10.0 7.3 10.0 
Crimson Pygmy Barberry 2 9.7 10.0 9.7 10.0 
Cranberry Cotoneaster l 10.0 8.0 9.7 7.3 
Cranberry Cotoneaster 2 l 0.0 8.3 9.7 8.0 
Manhattan Euonymus 9.3 10.0 8.7 8.7 
Manhattan Euonymus 2 l 0.0 9.3 9.3 8.7 
Vicary Privet 1 10.0 9.7 10.0 9.7 
Vicary Privet 2 l 0.0 9.0 9.7 9.3 
Dr. Merrill Magnolia 2 l 0.0 8.3 10.0 6.3 
Mugo Pine 2 l 0.0 9.0 9.3 7.3 
Mohave Firethorn 2 9.3 7.0 7.7 6.7 
Shrub Althea 2 l 0.0 10.0 10.0 10.0 
Charles Joly Lilac 2 10.0 9.7 l 0.0 8.7 
Koreanspice Viburnum 2 l 0.0 8.0 l 0.0 7.7 
9.7 9.0 9.3 8.4 
-l<Visual evaluation score: 0 =plants dead; 1 0 ==no injury, excellent quality. A rating of 7 is considered commercially salable. 
and February, the two coldest months, indicate a 
marked difference in average values (Table 2). 
Temperature in the single layer poly house averaged 
17° F while temperatures in the same house under 
the Air Blanket were 31.2° F. This 31.2° Fis com-
parable to the 30.5 ° F temperature that was main-
tained in the minimum heat house with the thermo-
stat set at 32° F. Temperatures under the Air 
Blanket covering averaged 6° warmer than tempera-
tures under microfoam. 
The improved plant quality and warmer tem-
peratures obtained under the Air Blanket suggest 
continued investigations with this product. Two 
drawbacks may slow its acceptance m the nursery 
TABLE 2.-Average Daily Temperatures Inside 
Winter Storage Structures During January. and February 
1979. 
Treatment 
Outside 
Single layer poly 
Single layer with microfoarn 
Single layer with Air Blanket 
Double layer 
Double layer with minimum heat (32° F) 
Degrees F. 
7.4 
16.9 
25.3 
31.2 
22.9 
30.5 
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trade. First, its operation requires a shaded pole 
blower which is not expensive but electricity is not 
always available to storage houses. Second, the 
initial expense is currently higher than for microfoam 
. and producers must weigh the improved quality like-
ly to be obtained against the additional. cost factor. 
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Studies of Capillary Wat~ring of Container 
Grown Nursery Stock 1 
EL TON M. SMITH and SHARON A. TREASTER2 
ABSTRACT 
Container size and type, media, and capillary 
mats were studied to determine growth differences 
in each system. Plant growth in plastic containers 
with drainage holes along the base was equal to con-
tainers with holes in the bottom when produced on a 
capillary mat. Different sizes and types of contain-
ers could be placed on the same capillary mat without 
affecting plant growth. Several different types of 
capillary mats were satisfactory as well as a 1 :Yi-inch 
sand base. Plant growth was acceptable in soil-peat-
sand, hardwood bark-sand and pinebark-vermiculite 
mixes. Plant growth was superior in capillary treat~ 
ments when compared to overhead and hand water-
ing. 
INTRODUCTION 
Capillary watering is commonly utilized in Eng-
land to produce container grown nursery stock ( 2) 
and has become a standard procedure for certain pot 
grown flowers in greenhouses in the United States. 
Advantages of capillary watering include less water 
consumption, less water run-off, and reduced poten-
tial for foliar diseases ( 1). This report includes a 
review of studies of capillary watering of nursery 
stock in which this technique has been evaluated on 
container grown nursery stock in outdoor beds. 
MATERIALS AND METHODS 
All studies were conducted in The Ohio State 
University container research nursery during the 
ilSupported in part by a grant from the Horticultural Research 
Institute, Washington, D. C. 
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growing seasons of 1976-1978 on beds 5-ft wide x 50 
ft long .. The studies were conducted on a gravel base 
with a slight crown along the main bed axis to pro-
vide drainage away from the capillary mat or base. 
A layer of poly film was placed over the gravel which 
had been smoothed. The poly of any color or thick-
ness retains the moisture and allows its distribution 
under the mat or sand base. The capillary mat or 
sand was placed on the poly with the plants placed on 
top. Very low water pressure of 4-6 psi was utilized 
to operate the Chapin twin wall trickle tubing which 
kept the mat or sand moist for 4 hours per day. The 
trickle tube was operated with a time clock and sole-
noid valve to reduce labor. 
1976 Study-An Evaluation of Container Types, 
Sizes, and Capillary Mats 
Objectives of these studies' were to evaluate the 
growth of Cotoneaster dammeri 'Royal Beauty' pro-
duced in two container types and two container sizes 
on several capillary mats. 
Zarntainer No. 300 ( 1 gal) and No. 800 (2 gal) 
with holes along the base and one in the underside 
and Polytainer No. 1 ( 1 gal) and No. 2 (2 gal) with 
holes only along the base were used, along with a 
commercial pinebark-vermiculite medium. The mats 
evaluated were water-mat (Pellon Corp.), Vattex-P 
(U. S. Vattex), Weed-Chek (Qertain-Teed), and 
Eddymat (F. R. Young Co.). All plants were irri-
gated from overhead at the time of placement on the 
mats to initiate capillary action. Plants were also 
irrigated from overhead an average of' once a week 
in the absence of rainfall to reduce the tendency of 
salts build-up in the media. The study was con-
ducted from April 23-0ct. 8, 1976. There were four 
TABLE 1.-Growth of Royal Beauty Cotoneaster Produced in Different Container Types and Sizes on Four 
Capillary Mats.* 
Dry Weight 
(Grams) 
l Gallon 2 Gallons 
Capillary Mat .Polytain.er Zarntainer Polytainer 
Water-Mat 62.7at 49.4a 17l.9a 
Vattex-P 41.5c 33.5a 132.4ab 
Weed-Chek 44.0bc 51.6a 80.4b 
Eddymat 53.9ab 43.6a 112.7b 
--
Average 50.0 44.6 124.4 
*Figures represent averages of six plants/can type and size from each of three replica1ions. 
tMean separation within columns by Duncan's multiple range test, 5 % level. 
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Zarntainer Average 
216.8a 125.2 
190. la 99.4 
164.0a 85.0 
189.9a 100.1 
190.4 
container types, four capillary mats, and three repli-
cations of six plants each. 
RESULTS AND DISCUSSION 
Capillary mats can be utilized, w:ith supplemen-
tal overhead irrigation as needed, to satisfactorily 
produce container grown cotoneaster outside under 
nursery conditions. Different ·size containers and 
different types of containers can be adequately pro-
duced on the same mat ( 3) . 
In almost all cases, vegetative growth was equfil 
or greater in the 1-gal Polytainers. However, growth 
in the 2-gal Zarntainers was greater than that from 
plants in Polytainers. 
Plant growth in containers with drainage holes 
along the base does not differ from containers with 
holes in the underside. Growth of plants was gener-
ally satisfactorily from all mats evaluated. How-
ever, plants were larger from the water-mat treat-
ments. Drying of the mats after the water was 
turned off was more pronounced in the Weed-Chek 
treatment. 
1977 Study-An Evaluation of Irrigation 
Methods and Production Medium 
The primary objectives were to compare the 
growth and irrigation labor costs of watering by hand, 
overhead sprinklers, and capillary mat. 
The capillary mat was the Pellon water mat kept 
moist by Chapin Twin Wall trickle irrigation tube. A 
second objective was to compare growth of plants 
grown in bark-sand (5:1 v/v) and soil-peat-sand (1: 
1 : 1 v / v) on the capillary mats. The plant materials 
were ]unip1erus horizontalis 'Wiltoni', Euonymus vege-
tus) Cotoneaster dammeri 'Royal Beauty', and Coton-
easter apiculata. All plants were grown in 1 and 2-
gallon Polytainers. Plants were potted in April, put 
under capillary watering May 10, and evaluated Sept. 
15. There were three species, two con~ainer sizes, and 
three replications of five plants each. 
As shown in Table 2, all plant species in both 1 
and 2-gallon cans produced on capillary mats were 
larger than those in the other two methods. The in-
creased growth is most likely a direct result of uni-
form moisture conditions from daily irrigation. The 
plants watered by hand or by overhead· sprinklers 
were watered only when the surface of the soil indi-
cated a need. Plant growth, on the average, under 
overhead sprinklers was superior to plants watered 
by hand. 
Hand watering required seven times as much 
labor to irrigate during the season as the overhead 
and sub-irrigation systems which were approximately 
equal in labor requirements. Installation of a capil-
lary system will require additional initial labor for 
grading and mat or sand placement. A time clock 
and solenoid valve regulated the capillary mat system 
and a manual timer controlled the duration of the 
overhead sprinkler system. 
TABLE 2.-Growth of Woody Ornamentals Produced by Capillary Mat, Hand, and Overhead Met'hods of 
Irrigation.* 
Irrigation Blue Rug 
Method Juniper 
l Ga! 2 Gal l Gal 
Capillary Mat 14la"t 173a l 02a 
Overhead 89b 157ab 65b 
Hand 83b 117b 62b 
Big leaf 
Euonymus 
Fresh Weight 
{Grams) 
2 Gal l 
l OOa 
74a 
84a 
Royal Beauty 
Coton easter 
Gal 2 Gal 
l27a 15la 
8lb lOlb 
69b . l 14b 
*Figures represent averages from five plants/ species/ container size for each of three replications. 
tMean separation within columns by Duncan's multiple range test, 5 % level. 
Cranberry 
Coton easter 
l Gal 2 Gal 
147a 1860 
89b 137b 
76c l 06c 
TABLE 3.-Growth of Woody Ornamentals Produced in Bark-Sand and Soil-Peat-Sand Media on Capillary 
Mats.* 
Container 
Media 
Bark-Sand 
Soil-Peat7Sand 
l Gal 
11 lbt 
17la 
Blu.e Rug 
Juniper 
2 Gal 
l 17b 
229a 
Fresh Weight 
{Grams) 
Bigleaf 
.Euonymus 
l Gal 
70b 
l 34a 
2 Gal 
86a 
ll3a 
Royal Beauty 
Coton easter 
l Gal 
109b 
144a 
2 Gal 
150a 
l5la 
*Figures represent averages from five plants/species/container size/media for each of three replications. 
tMean separation within columns by Duncan's multiple range test, 5 % level. 
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Cranberry 
Coton easter 
l Gal 
138a 
156a 
2 Gal 
173a 
198a 
The four plant species in both 1 and 2 gal sizes 
grew better in the soil-peat-sand mix than the hard-
wood bark-sand media (Table 3). Hardwood bark 
and sand has a greater tendency to dry faster than a 
soil-peat-sand mix. The more uniform moisture of 
. the soil-peat-sand media is the probable reason for 
th~ superior growth. 
All plants in the capillary mats were watered 
overhead approximately once a week to prevent sol-
uble salts build-up. 
1978 Study-An Evaluation of Capillary Mat vs. 
Sand Base and Trickle Tube Placement 
The 1978 studies were designed to compare the 
growth of woody ornamentals produced on a capil-
lary mat and on sand. 
Chapin Twin Wall trickle tubes were placed on 
the Pellon water mat and on one and under the other 
sand treatment. All sand beds were 1 Y2 inches thick 
with a plastic liner underneath. All plants were 
canned into 1-gallon Zarntainers with a commercial 
pine bark-vermiculite mix and 7;;'2 lb of 8-9 month 
fertilizer ( 18-6-12) incorporated/yd3 of the media. 
The plant materials were Juniper horizontalis 'Wil-
toni', C otoneast.er dammeri 'Royal Beauty', and Wei-
gela 'Newport Red'. The.study was initiated May 15, 
1978, and terminated Sept. 25, 1978. There were 10 
plants per treatment per species with three replications. 
Cotoneaster· and juniper grew best on the capil-
lary mat as shown in Table 4. The weigela growth 
was most satisfactory on the sand base treatm~nts be-
cause it rooted into the sand and the plants were not 
disturbed during the season. Neither the cotoneaster 
nor juniper rooted into the sand during the evaluation 
period. Growth of all three plant species was super-
ior. in the sand irrigated from below. This treatment 
was more uniformly moist than the treatment with the 
tu bes on the sand. 
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TABLE 4.-Growth of Woody Ornamentals Pro~ 
duced with Trickle Tube Irrigation on Capillary Mat 
and Sand Beds.* 
Fresh Weight 
(Grams) 
Plant Capillary Trickle Tubes Trickle Tubes 
Species Mat on Sandbase Under Sandbase 
Coton easter 179 142 152 
Juniper 51 40 50 
Weigela. 160 209 217 
*Figures represent averages from 1 0 plants/treatment/ species/ 
replication. 
Growing plants on a sand base kept moist with 
trickle irrigation may have commercial production ap-
plication with rhododendron, azalea, juniper, and 
other shallow rooted plants, but possibly not the rapid 
growing shrubs. 
Capillary watering may have application in com-
mercial container production and in garden centers 
or other retail areas to irrigate plants on sales display 
and greatly reduce or possibly eliminate the. need for 
overhead watering. 
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An Evaluafion .of' Pigmented Films 
for Overwintering Landscape Plants 
ELTON M. SMITH and SHARON A. TREASTER1 
ABSTRACT 
The quality of container grown nursery stock 
was evaluated following 4 months' winter storage un-
der films ranging from 50 to 90% opacity. The most 
effective opacity ranges for white films were 80, 85, 
and 93%, while the most effective aluminum films 
were 71, 76, and 87% opacity. Night temperatures 
were similar under all films and day temperatures 
were lower under aluminum film. The higher th<:; 
~pacity of white fi~~' the lower the day temperature. 
INTRODUCTION 
Most container grown landscape plants together 
with autumn harvested field potted plants and an in-
creasing number of B & B evergreens are overwin-
tered under some type of plastic cover. The nursery 
industry now has a selection of films in the marketing 
1Professor and Technician,. Dept. of Horticulture, The Ohio State 
University and Ohio Agricultural Research and Development Center. 
channels with differences in thickness, anticipated 
life expectancy, break _strength, color, and other 
physical parameters ( 3) . 
Most of the white copolymer films used by the 
nursery industry have an opacity of 50 to 60%. This 
degree of pigmentation has proven to be satisfactory 
for the storage of most landscape plants and definite-
ly superior to clear films which have been painted 
( 1). However, in previous studies when the percent 
opacity varied between 70 and 90, the quality of 
stored container stock improved ( 2, 4). 
The objectives of this investigation we~e to 
evaluate the relationship between film opacity and 
the quality of stored landscape plants. 
MATERIALS AND METHODS 
The study was conducted in storage huts mea-
suring 10 ft x 6 ft x 4 ft in height loc~ted in The Ohio 
State University container research nursery in Co-
TABLE 1.-Quality of Landscape Plants Following Storage Under Pigmented Polyfilm. 
Film Percent 
Color Opacity Injury Ratings 
E .Q E :::> E ..c: 
:::> c ""O 0 
.... .... 
>. 
E :; 0 ..i: :.'.! 0 ~ c Q) ..?:- :::> .0 J2 .9- 0 
.0 > ~ u 0 0 
u.. 
0 ~. > ~ :::> -:E c :c co Q) ::> c-:::> .... 4- co c ~ • 0 Q) 0 0 0 
m Q) t; ""O Q) 
Q) 0 u:: rn 0 co 0 0 c rn (I) Q) Q) 0 -;: 0 0 ""O u ::> 
c 
-c ~ Q) E Qi Q) ""O a<:: rn rn 0 ..i: rn c E 0 0 ~ 0 E ::!: >- ..2 (I) c 0.. >- .... "iii "§ "§. Q) 0 0 0 ::> ~ o· ~ 0 _g :::> > • o<::U co u I- . UJ iii (/) <( 
Aluminum 
87 10* 10 10 10 10 10 10 10 10 10 10 10.0 
76 8 10 10 10 10 10 10 10 10 10 10 9.8 
71 6 10 10 10 7 10 10 9 10 10 10 9.3 
64 2 10 10 8 10 10 10 10 10 10 8.2 
58 4 7 9 8 7 10 10 9 9 10 9 8.3 
53 l 2 10 4 10 8 10 8 . 10 10 8 7.3 
Black 
100 3 10 5 9 9 8 8 10 9 6.6 
Clear 
5 ' l 2 5 4 4 2 3 3 2.4 
White 
93 4 10 10 10 10 10 10 10 10 10 10 9.4 
85 5 9 10 10 9 10 10 10 10 10 10 9.4 
80 6 8 10 10 10 10 10 10 10 10 10 9.4 
70 4 10 10 10 10 10 10 l 0 10 l 0 10 9.4 
60 2 10 10 6 8 10 10 10 10 10 10 8.7 
50 6 8 6 8 10 8 6 8 10 6 7.0 
*Figures represent a visual evaluation on a 1-10 scale, with l ==dead, 7 ==commercially salable, and l 0 ==excellent quality. All fjg-
ures represent an average of three plants/treatment with three replications. ·.! \. 
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lumbus. The plants and huts were covered with 4 
mil film on Dec. 7, 1978, and the plants were evalu-
ated on April 16, 1979. All films were supplied and 
pigmented to specifications of approximately 50 to 
90% opacity by Canadian Industries Ltd., Ontario, 
Canada. There were 14 films (Table 1) evaluated, 
with three replications per film. 
The 1 gallon ·container grown plant materials 
evaluated included Buxus s.emp,ervirens, Cotoneaster 
apiculataJ Cotoneast.er dammeri 'Royal Beauty', For-
sythia intermedia 'Spring Glory', !lex crenataJ ]unip-
erus horizontalis 'Wiltoni', Pyracantha coccinea 'La-
landi', Rhamnus frangula 'Columnaris', Viburnum 
burkwoodiJ Viburnum rhytidophyllumJ and Weigela 
florida. There were three plants/species/hut with 
three replications. Foliage was evaluated on a 10 
point visual scale, with 7 considered salable but values 
of 9 and above most desirable. Temperature was re-
corded continually with a Honeywell Multipoint Re-
corder. 
RESULTS AND DISCUSSION 
Plant Quality _Evaluation 
Plant materials stored under most but not all · 
film coverings were commercially salab~e. Both black 
and clear films resulted in unacceptable plants. How-
ever, most pigmented white and all aluminum films 
were acceptable plant covers as shown in Table 1. 
The 100 % black film caused a considerable de-
gree of foliage blackening and defoliation of broad-
leaf evergreens, including Japanese holly, Burkwood 
viburnum, Royal Beauty cotoneaster, and common 
boxwood. The narrowleaf evergreens and deciduous 
TABLE 2.-;--Temperatures During Storage Under 
Pigmented Poly Films. 
Film 
Color 
Aluminum 
Black 
Clear 
White 
Outside 
Percent 
Opacity 
87 
76 
71 
64 
58 
53 
100 
5 
93 
85 
80 
70 
60 
50 
Av. Day Av. Night 
Temperatu~e* Temperature* 
OF OF 
18.7 
54.3 17.8 
56.8 18.0 
51.5 18.0 
53.0 17.6 
53.5 18.3 
58.0 16.0 
67.8 17.5 
54.3 18.1 
59.4 16.9 
61.5 17.9 
62.1 18.1 
'64.3 18.3 
64.8 18.3 
58.7 7.1 
*Figures represent averages from the three warmest and three 
coldest dates during December 1 ?78, January-March 1979. Tem-
peratures Were recorded at 3:00 p.m. for high and 3:00 a.m. for· 
low readings. 
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shrubs were' not severely damaged. Most likely the 
damage resulted as a function of the rate of respiration 
exceeding photosynthesis and almost all food reserves 
became depleted. 
The 5 % clear films transmitted 95 % of the light 
and the huts became quite. warm; with temperatures 
exceeding 100° F in March. The high temperatures 
led to desiccation of _the plant tissue as no additional 
water was supplied to those plants. 
Generally, the higher the percent of pigme11tation 
of aluminum film the better the quality of stored nurs-
ery stock. Film pigmented at the 53 % opacity level 
resulted in an average evaluation of 7 .3, while plants 
stored under film at the 8 7 % opacity level were all in 
excellent foliar condition. 
The lower the opacity of white film, the more 
plant injury was manifested. However, once the 
opacity was increased to 70% · or higher, the plant 
quality was most satisfactory. 
Since the objective of winter storage is to over-
winter with a minimum of injury, it appears that a 
minimum of 70% opacity is required for both white 
and aluminum films. Although not evaluated in this 
study, tensile strength of white film is reduced when 
the opacity is increased to 90% or above with titani-
um oxide. For that reason the apparent optimum 
opacity range for white film for nursery stock storage 
will be between 70 and 90%. 
Temperature Fluctuations 
T;he average night temperatures ( 3 :00 a.m.) in 
the huts for the three coldest nights in December, Jan-
uary, February, and March were very similar (Table 
2) . The difference between the coldest and warmest 
of the average night temperatures was only 2.7° F. 
The black film averaged 16.0 ° F and the 8 7 % 
aluminum film averaged 18.7° F. There were no 
temperature trends in either of the pigmented series 
of films to indicate a relationship of degree of pigmen-
tation to average low temperature. All films re-
sulted in an average 10° F increase in average night 
temperature over outside temperatures. 
The average day temperatures ( 3 :00 p.m.) in 
the huts for the three warmest days each month from 
December-March were similar in the aluminum films 
and decreased with increasing film opacity of the 
white film (Table 2). The difference between the 
coolest daytime high of 51.5° (64% auminum) and 
warmest daytime high of 67.8° (clear) was 16.3° F. 
All aluminum films resulted in an average daytime 
temperature of 53.8° F which was 5.1° lower than 
outside temperatures. The average daytime high 
temperature of white film covered huts was 61.1° or 
2.4° F warmer. 
The objective of nursery storage is to control· 
_temperatures insofar as possible by maintaining a 
high night temperature and low day temperature. 
The higher the night temperature, the less the chance 
of freezing injury; the lower the day temperature, the 
less chance of desiccation injury of the nursery stock. 
From these studies there is very little difference 
in average night temperatures among structures cov-
ered with the various pigmented films. The alumi-
num films maintain cooler structures during the day 
than white films. The day temperatures under white 
film decreased with incr~asing opacity, the most likely 
factor in the improved plant quality under the darker 
films. 
SUMMARY 
Poly films for nursery storage pigmented in' 
white and aluminum over a range of opacities from 
50 to 93% were evaluated as coverings over contain-
er grown nursery stock. Excellent plant quality was 
obtained from 4-month storage under white films pig-
mented at 70, 80, 85, and 93% opacity. Similar 
quality was obtained under aluminum film pig-
mented at 71, 76, and 87% opacity. - Plant quality 
was unacceptable following storage under clear and 
black films. Night temperatures were relatively 
stable under all films. Day temperatures were cooler 
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under aluminum than white film. The higher per-
cent opacity of the white film, the lower the day tern~ 
peratures; this feature is nearly as desirable as high 
night temperatures. 
Continued research is underway in walk-in size 
quonset huts to further refine the. most desirable per-
cent opacity of white and alun:iinum storage film. 
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Evaluation of Post-transplant Herbic'ides for Phytotoxicity 
and Weed Control in Annual Bedding Plants 
THOMAS A. FRETZ, JOHN C. PETERSON, and JEFFREY J. KONCAL1 
ABSTRACT 
The herbicides alachlor (Lasso), trifluralin 
(Treflan), oryzalin ( Surflan), and oxadiazon (Ron-
star) were applied at rates of Yi, 1, 2, and 4 times 
that recommended on 13 species of annual bedding 
crops and evaluated for weed control and phyto-
toxicity. Alachlor at 4.0 lb ai/ A and trifluralin at 
2.0 lb ai/ A significantly injured begonia and salvia 
transplants. Oryzalin at the recommended rate of 
4.0 lb ail A injured the coleus and salvia, while oxa-
diazon at a rate of 2.0 lh ai/ A injured both pansy 
and snapdragon. None of the herbicides used at the 
recommended rate gave satisfactory control of crab-
grass. 
INTRODUCTION 
Control of annual grass and broadleaf weeds in 
and around displays of annual bedding plants is a 
serious problem, most often accomplished by labori-
ous and costly handweeding. Previous research has 
demonstrated that DCP A ( Dacthal), used as a pre-
emergent herbicide, resulted in no apparent phyto-
toxicity to either direct seeded or transplanted annual 
bedding plants (1, 2). 
Haramaki and Atmore ( 4) reported satisfactory 
preemergent weed control, with no phytotoxicity, on 
transplanted marigolds 10 weeks after applications 
of diphenamid ( Dymid), trifluralin ( Treflan), and 
EPTC (Eptam). Research in 1970 and 1971 noted 
that preemergent trifluralin at 2.0 lb ai/ A resulted 
in satisfactorily control of annual grasses with no phy-
totoxicity to transplanted petunias, geraniums, agera-
tum, snapdragons, and marigolds ( 2) . 
In a more recent study, Fretz ( 3) observed that 
alachlor (Lasso) at 3.0 lb ai/ A, diphenamid at 6 lb 
ai/ A, and napropamide (Devrinol) at 3.0 ai/ A re-
!(Associate Professor, Assistant Professor, and Graduate Student, 
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sulted in excellent preemergent broadleaf and grass 
weed control in plantings of transplanted annual b~d­
ding plants. Alachlor, however, caused significant 
injury to salvia, while the application of diphenamid 
caused moderate injury to celosia. Both trifluralin· 
and DCP A provided less than acceptable control of 
broadleaf weeds at rates of 2.0 and 10.0 lb ail A, re-
spectively, but neither caused any significant phyto-
toxicity to any of the 15 species of transplanted an-
nual bedding plants used in the study. 
This study was designed to evaluate four herbi-
cides for phytotoxicity and weed control in trans-
planted annual bedding plants. 
MATERIALS AND METHODS 
This study was conducted during the summer of 
1979 on a Hoytville clay loam soil on The Ohio State 
University Horticulture Farm in Columbus. This 
soil had a pH of 7.0 and approximately 3.0% organic 
matter. During the spring prior to planting, 1,000 
lb/ A of 12-12-12 was applied and plowed down to a 
depth of 6-8 inches. 
Eight plants of each of the 13 cultivars were 
transplantec;l into replicated plots on May 21, 1979. 
Immediately following transplanting, all plots were 
irrigated with Yi inch of water. Bedding plants were 
commercially produced from seed in 6/12 cell packs 
and were approximately 8 weeks old when trans-
planted. 
Herbicides were applied on June 13, 1979, with 
a modified lawn fertilizer applicator. All plots were 
handweeded prior to herbicide application. . 
Herbicide formulations used in this study are 
·listed in Table 1. Herbicide rates were selected so that 
each was applied at Yi, 1, 2, and 4X the recom-
mended rate, in order to obtain data on phytotoxicity 
and the degree of safety involved with the application. 
Of the herbicides evaluated, only trifluralin is labeled 
for use on a wide assortment of ornamentals including 
TABLE 1.-Common, Trad:e, and Chemical Names of Herb_icides Used on Transplanted Annual Bedding Plants. 
Trade Name 
Common and 
Name Formulation 
Alachlor Lasso- l 5G 
Trifluralin Treflan-5G 
Oryzalin Surflan-5G 
Oxadiazon Ronstar-4G 
Chemical Name 
2-chloro-2',6'-diethyl-N-(methoxymethyl) acetanilide 
a-a-a-trifluoro-2 ,6-din itro-N,N-dipropyl-p-tolu idine 
3 ,5-d in itro-N4,N4-dipropylsu I fan i lam ide _ 
2-tert-butyl-4-(2 ,4-dich loro-5-isopropoxyphenyl) t0:. 2-1 ,3 ,4-oxad iazol in-5 -one 
27 
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TABLE 2.-Visual Evaluation of Phytotoxicity to Transplanted Annual Bedding Plants Treated with Various Post-transplant Herbicides. 
Treatment 
and 
Formulation 
· Alachlor- l 5G 
Trifluralin-5G 
Oryzalin-5G 
Oxadiazon-4G 
Check (non-weeded) 
LSDo.os 
lreatmen·t 
and 
Formulation 
Alachlor- l 5G 
Trifluralin-5G 
Oryzalin-5G 
Oxadiazon-4G 
Check (non-weeded) 
LSDo.os 
Rate 
(lb ai/A) 
2.0 
4.0 
8.0 
16.0 
1.0 
2.0 
4.0 
8.0 
2.0 
4.0 
8.0 
16.0 
1.0 
2.0 
4.0 
8.0 
Rate 
(lb ai/A) 
2.0 
4.0 
8.0 
16.0 
1.0 
2.0 
4.0 
8.0 
2.0 
4.0 
8.0 
16.0 
1.0 
2.0 
4.0 
8.0 
Blue Blazer 
Ageratum 
4.2 
3.0 
3.5 
3.8 
3.0 
2.5 
2.2 
3.2 
2.0 
2.5 
2.2 
3.2 
1.5 
2.2 
3.2 
2.8 
2.8 
N.S. 
Twinkles 
Impatiens 
1.5 
2.5 
3.8 
4.8 
2.0 
1.0 
2.2 
2.0 
1.5 
1.5 
2.5 
2.8 
3.2 
1.5 
3.8 
7.8 
1.5 
1.1 
*Visual rating scale: 1.0 ==no injury; l 0.0 ==complete kill. 
Carpet of Snow 
Alyss um 
1.5 
2.5 
4.0 
4.2 
4.2 
2.0 
1.5 
2.0 
2.8 
2.5 
2.8 
3.8 
2.0 
2.5 
4.8 
5.0 
2.0 
1.4 
Gypsy Sunshine 
Marigold 
1.5 
2.8 
3.8 
4.5 
2.0 
2.0 
2.2 
2.0 
1.0 
2.0 
2.0 
2.2 
2.5 
1.5 
2.0 
2.8 
1.5 
0.9 
Visual Phytotoxicity Rating* 
Pink Tauscendschon Gold Tone 
Begonia Chrysanthemum 
4.8 
7.2 
7.8 
9.0 
2.0 
4.0 
3.0 
3.2 
2.8 
3.2 
4.5 
6.5 
2.5 
3.5 
6.2 
8.2 
2.0 
1.5 
Visual Phytotoxicity Rating* 
Majestic Mix Red Cascade 
Marigold Petunia 
2.2 
2.2 
3.2 
2.2 
2.8 
3.8 
3.2 
4.5 
2.8 
1.5 
3.0 
3.0 
4.0 
4.2 
4.8 
7.8 
1.8 
1.2 
2.5 
3.0 
3.5 
3.5 
1.5 
3.5 
2.0 
4.0 
3.2 
3.0 
3.2 
5.5 
3.2 
.3.5 
4.2 
5.8 
2.5 
1.2 
1.5 
2.0 
3.0 
3.2 
1.5 
1.0 
1.5 
1.0 
1.0 
1.5 
1.5 
3.0 
1.5 
1.5 
1.0 
1.0 
1.0 
0.7 
Sentinel 
Salvia 
6.5 
7.8 
9.0 
10.0 
2.5 
4.5 
4.0 
5.0 
2.0 
4.2 
4.2 
7.2 
1.0 
3.2 
3.0 
6.5 
2.2 
1.6 
Velvet Rainbow 
Coleus 
2.5 
3.2 
4.8 
7.0 
3.8 
3.5 
5.2 
5.8 
4.2 
4.0 
6.5 
6.8 
2.2 
3.8 
5.5 
4.8 
3.0 
1.4 
Roc~et Mix 
Snapdragon 
4.2 
5.0 
5.2 
4.8 
3.8 
4.0 
4.2 
3.0 
3.2 
3.5 
5.0 
5.8 
3.2 
4.5 
2.2 
4.5 
2.5 
N.S. 
Sprinter Red 
Geranium 
1.5 
2.5 
3.0 
3.0 
2.0 
1.5 
2.5 
2.8 
1.5 
1.5 
3.0 
2.2 
2.2· 
2.0 
2.0 
2.0 
2.5 
N.S. 
State Fair 
Zinnia 
2.5 
3.2 
3.8 
5.0 
2.5 
2.0 
1.5 
4.2 
1.5 
2.5 
2.8 
4.2 
3.0 
1.5 
2.0 
4.8 
1.5 
1.1 
· annual bedding plants. All of the other herbicides 
evaluated are labeled for ornamental crops, but not 
annual bedding plants. 
Annual bedding plants used in this study in-
cluded blue blazer ageratum ( Ag.eratum houstonia-
num)) carpet of snow alyssum (Alys sum maritimum)) 
pink tausendschon begonia (Begonia semperflorens)) 
gold tone chrysanthemum (Chrysanthemum morifol-
ium)) velvet rainbow coleus (Coleus ~lumei)) sprinter 
red geranium (Pelargonium hortorum)) twinkles im-
patiens (Impatiens sultanii)) Gypsy sunshine marigold 
(Tagetes patula)) majestic mix pansy (Viola tricolor)) 
red cascade petunia (Petunia hybrida)) sentinel salvia 
(Salvia splendens)) rocket mix snapdragon ( Antirrhi-
num majus)) and state fair zinnia (Zinnia .elegans). 
Weed control and phytotoxicity ratings were re-
corded using a visual rating scale, with 1.0 represent-
ing no control or crop injury and 10.0 representing 
complete weed control or complete crop kill. A value 
of 7 .5 or better was considered as acceptable weea 
control while a phytotoxicity rating of 3.5 or greater 
was indicative of an injury level considered unaccep-
table. At the time of the weed control evaluations, 
only the large crabgrass (Digit aria sanguinalis) popu-
lation was sufficiently uniform throughout the plots 
to warrant evaluation. Weed control and phytotoxi-
city evaluations were obtained on July 19, 1979. 
The study was designed as a randomized com-
plete block with four replications of each treatment. 
Individual plots measured 6 x 50 feet and included 
eight plants of each species planted in rows 2 feet 
apart on 8-inch centers. 
·RES UL TS AND DISCUSSION 
An evaluation 1 month after application re-
vealed that significant phytotoxicity occurred to 
many of the species employed in this stL~dy. Alach-
lor at the recommended rate of 4.0 lb ail A was safe 
and caused little or no phytotoxicity on most of the 
species employed; however, the pink tauscendschon 
begonia, sentinel salvia, and rocket mix snapdragon 
were significantly injured. As the rate of the alach-
lor increased to 8.0 and 16.0 ail A, or 2 and 4X the 
normal application rate, the level of phytotoxicity in-
creased. Blue blazer ageratum, gold tone chrysanthe-
mum, sprinter red geranium, majestic mix pansy, and 
red cascade petunia were all tolerant of the two high-
er rates of alachlor. All other species employed in this 
study exhibited varying degrees of phytotoxicity to 
the high rates of alachlor such that they were in un-
acceptable condition (Table ·2). 
Response to the recommended rate of trifluralin 
was as expected. When employed at the 2 lb ail A 
rate, the pink tauscendschon begonia, sentinel salvia, 
and rocket mix snapdragon were significantly injured 
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in comparison to the control plots. As the rate of 
trifluralin application l.ncreased to 4.0 and 8.0 lb 
ail A, injury became apparent on the velvet-rainbow 
coleus, majestic mix pansy, red cascade petunia, and 
state fair zinnia (Table 2). . 
Only the velvet rainbow coleus and the sentinel 
salvia were injured significantly when treated with 
the 4.0 lb ail A rate of oryzalin. As the rate of the 
oryzalin increased to 8.0 and 16.0 lb ail A, the pink 
tauscendschon begonia, red cascade petunia, rocket 
mix snapdragon, and state fair zinnia exhibited in-
creasing phytotoxicity (Table 2). 
When employed at the recommended rate of 2.0 
lb ai/ A, the oxadiazon was safe on a wide variety of 
annual bedding plants; however, sufficient phyto-
toxicity at this rate did occur to the majestic mix 
pansy and rocket mix snapdragon. As the rate of 
oxadiazon application increased to 2 and 4X the re-
commended rate, significant phytotoxicity was ob-
served on the carpet of snow alyssum, pink tauscend-
schon begonia, velvet rainbow coleus, twinkles im·· 
patiens, majestic mix pansy, red cascade petunia, 
sentinel salvia, rocket mix snapdragon, and state fair 
zinnia (Table 2). 
The phytotoxicity noted in this study at the 
higher than recommended rates was expected. Over-
all, the pink tauscendschon begonia, velvet rainbow 
coleus, and sentinel salvia were the most sensitive 
species to all herbicides at all rates used. In the case 
of the salvia this was as expected, since in a previous 
study ( 3) St. John's Fire Salvia was extremely sensi-
tive to rµost herbicides employed including trifluralin 
and alachlor. Likewise petunias, geraniums, agera-
tum, chrysanthemum, marigold, and zinnia were tol-
erant of most preemergent herbicides when used at a 
low rate ( 3) . 
In terms of weed control, none of the products 
tested gave satisfactory control of the large crabgrass 
at the X or recommended rate. In the case of alach-
lor and oryzalin, only when the rate of application 
was increased to the 2X level was the control suffi-
cient enough to be considered as satisfactory. The 
4X rate of trifluralin (8.0 lb ail A) resulted in; satis-
factory control of the large crabgrass, while none of 
the rates of the oxadiazon gave sufficient crabgrass 
control (Table 3). 
The results observed might well be expected, 
since each of the herbicides was applied in a granu:. 
lar formulation, and distribution of the granules was 
a severe problem. It must also be realized that the 
granules must dissolve prior to weed seed germination 
in order to be effective, and this may not have occur-
red rapidly enough to obt~in satisfactory weed co~­
trol in this study. The results with trifluralin and 
alachlor do not agree with those obtained in a previous 
TABLE 3.-Effectiveness of Several Herbicides on 
the Control of Large Crabgrass in Transplanted Bed-
ding Plants. 
Treatment 
and 
Formulation 
Alachlor--l 5G 
Trifluralin-5G 
Oryzalin-5G 
Oxadiazon-5G 
Check (non-weeded) 
Rate 
(lb ai/A) 
2.0 
4.0 
8.0 
16.0 
1.0 
2.0 
4.0 
8.0 
2.0 
4.0 
8.0 
16.0 
1.0 
2.0 
4.0 
8.0 
Percent 
Large Crabgrass Control 
48.0 
52.0 
82.0 
75.0 
30.0 
30.0 
62.0 
70.0 
30.0 
52.0 
90.0 
72.0 
32.0 
35.0 
48.0 
68.0 
12.0 
study in 1976 (3), where both herbicides provided 
excellent overall weed control. However, in that 
30 
case the herbicides were applied in the EC formula-
tion. This may have resulted in better coverage and 
thus better weed control. 
Overall, results of this study indicated that satis-
factory weed control can be obtained in beds of trans-
planted annual bedding plants with little or no phy-
totoxic effects if moderate rates of herbicide applica-
tion are used. 
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Evaluation of Oxyfluorfen for Weed Control and Phytotoxicity 
on Conta'iner Grown Nursery Stock -
THOMAS A. FRETZ, JEFFREY J. KONCAL and WENDY J. SHEPPARD1 
ABSTRACT 
Oxyfluorfen-2G was evaluated for weed control 
and phytotoxicity on nine species of container grown 
nursery stock. Treatments included oxyfluorfen-2G 
applied singly at rates of 1.0, 2.0, 4.0 and 8.0 lb ail A 
and in combination at 2.0 lb ail A with simazine-4G at 
1.0 lb ai/ A, oxadiazon-4G at 4.0 lb ail A, oryzalin-5G 
at 4.0 lb ail A, and prodiamine-4G at 3.0 lb ail A. 
Oxyfluorfen-2G when applied singly at the recom-
mended rate of 2.0 lb ail A did not control annual 
grass or broadleaf weeds. However, when oxyfluor-
fen-2G was applied at the 2.0 lb ail A rate in combi-
nation with simazine, oxadiazon, oryzalin, or prodia-
mine, weed control was improved, with a minimum 
of injury observed. Oxyfluorfen-2G at the 2.0 lb ail 
A rate in combination with any of the above four 
herbicides shows promise and should be further evalu-
ated. 
INTRODUCTION 
Previous research ( 4) has demonstrated that 
weeds compete severely with container grown nursery 
crops and losses in terms of plant size can be devasta-
ting. Cultivation in the container nursery is impos-
sible and manual weeding on a large scale is becom-
ing prohibitively expensive. 
Numerous reports pave been published compar-
ing the effects of preemergence herbicides for control-
ling weeds in container grown nursery stock ( 1, 2, 
3). Many of the herbicides commercially available 
for use on container grown nursery crops will control 
annual grass weeds, but are likely to provide only 
limited control of broadleaf weeds. In a previously 
reported study ( 5), it was noted that oxyfluorfen re-
sulted in excellent broad.leaf weed control, but gave 
only limited C!-nriual grass control when used at a rate 
of 2.0 lb ail A. Since this is quite contrary to the 
results noITI?-ally expected from preemergent _herbi-
cides, an experiment was designed to further evaluate 
this compound, used alone at several rates and in 
combination with several well documented preemer-
gent herbicides noted for their annual grass control. 
MATERIALS AND METHODS 
This study was conducted during the summer, 
of 1979 at the Dept. of Horticulture nursery at The 
Ohio State University, Columbus, to evaluate the 
response of container grown nursery crops to granu-
lar oxyfluorfen [2-chloro-1-( 3 ethoxy-4-nitrophen-
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oxy )-4- ( trifluoromethyl) benzene J (trade name 
Goal) at rates of 1.0, 2.0, 4.0, and 8.0 lb ail A. These 
rates are equivalent to ~' 1, 2, and 4X the normal 
application. In addition, oxyfluorfen at its recom-
mended rate of 2 lb ail A was combined with four 
other herbicides in granular formulations including: 
simazine [2-chloro-4; 6-bis ( ethylamino)-s-triazine J 
(trade name Princep) at 1.0 lb ail A, oxadiazon [2-
tert-butyl-4- ( 2,4-dichloro-5-isopropoxyphenyl) -~ 2-
1, 3, 4-oxadiazolin-5-one] (trade name Ronstar) at 
4.0 lb ail A, oryzalin [3, 5-dinitro-N4, N 4-dipropylsul-
fanilamide] (trade name Surflan) at 4.0 lb ail A and 
prodiamine [N3 , N 3-di-n-propyl-2, 4-dinitro-6-tri-
fluoromethyl-m-phenylene==diamine J (trade name 
R ydex) at 3 .0 lb ail A. Each of the four herbicides 
used in combination with oxyfluorfen was used at the 
manufacturer's recommended label rate. 
Uniform cuttings of red-osier dogwood (Cornus 
sericea), cranberry cotoneaster (Coton,easter apicu-
lata), European cranberry viburnum (Viburnum opu-
lus 'N otcutt'), border forsythia (Forsythia intermedia 
'Specta~ilis'), English ivy ( Redera helix), green luster 
holly (!lex crenata 'Green Luster'), Japanese pachy-
sandra (Pachysandra terminalis), Wyatti firethorn 
(Pyracantha coccinea "Wyattii' ), and Browni yew 
(T axus x media "Brownii') were planted in 1-gallon 
plastic nursery containers on May 15, 1979. The me-
dium used for all plants was composed of 3 parts of 
ground hardwood bark, 1 part sand, and 1 part pine 
bark on a volume basis. · . 
Twenty-four hours prior to the application of th~ 
herbicide treatments, large crabgrass ( Digitaria san-
guinalis), rough pigweed (Amaranth us ietroflexus), 
lambsquarter (Chenopodium album), and common 
ragweed (Ambrosia artemisiifolia) seed were ·sown in 
the containers to insure a uniform weed population. 
All of the herbicides with the exception of one of 
the oxyfluorfen treatments at 2.0 lb ail A were granu-
lar formulations, and were applied with a hand shak-
er over a predetermined area. The oxyfluorfen-2E 
was applied with a C02 constant rate sprayer cali-
brated to deliver a volume equivalent to 36 gallons 
pe.r a~re. Immediately following the herbicide ap-
phcat10ns on June 6, 1979 all treatments were irri-
' gated with 1 inch of water in order to activate the 
· ttAssociate Professor of Horticulture, Graduate Student, and Agri-
cultural Technician, Dept. of Horticulture, The Ohio State University 
and Ohio Agricultural Research and Development Center. Dr. Fretz 
is now Professor and Head, Dept. of Horticulture, Kansas State Uni-
versity, Manhattan. 
TABLE l .-Preemergent Control of Large Crabgrass, Rough Pigweed, Giant Ragweed, and Lambsquarter 
with Oxyfluorfen Applied Singly and in Combination on Container Grown. Nursery Stock. 
Treatment Rate Large 
and 
Formulation lb ai/A 35* 
Oxyfluorfen-2G 1.0 24.5 
Oxyfluorfen-2G 2.0 44.8 
Oxyfluorfen-2G 4.0 81.2 
Oxyfluorfen-2G 8.0 93.7 
Oxyfluorfen-2E 2.0 95.8 
Oxyfluorfen-2G + Simazine-4G 2.0 + 1.0 68.6 
Oxyfluorfen-2G + Oxadiazon-4G 2.0 + 4.0 91.9 
Oxyfluorfen-2G + Oryzalin-5G 2.0 + 4.0 99.6 
Oxyfluorfen-2G + Prodiamine-4G 2.0 + 3.0 95.4 
Check-Unweeded 12.6 
Check-Handweeded 93.4 
*Days after herbicide application. 
herbicides. During the course of this investigation, 
all plants received a standard fertilization and ;main-
tenance program. 
Weed control and phytotoxicity evaluations 
were conducted 35 and 60 days after the herbicide 
applications. Crop phytotoxicity was evaluated 
using a 1 to 10 visual rating scale, where LO =no 
injury and 10.0 = complete kill; weed control was 
evaluated using a 0 to 100 scale in comparison to the 
control plots. The study was designed and analyzed 
as a completely randomized block with four replka-
tio:µs (three plants per replicate) of each treatment. 
RESULTS 
As expected, oxyfluorfen exhibited poor control 
of all four weed species at the ~ and lX rates of 1.0 
and 2.0 lb ail A 35 days after application. However, 
at the 4.0 and 8.0 lb ail A rates ( 2 and 4X the re-
commended rate), oxyfluorfen gave excellent control 
of all weed species (Table 1 ) . While the manufac-
turer recommends the 2.0 lb ail A rate of oxyfluorfen-
2G, results in this study indicated that the 4.0 lb ail A 
rate of the granular material gave superior broadleaf 
and grass weed control with no increased phytotoxi-
city (Table 1). 
At both evaluation periods the application of 
oxyfluorfen in the 2E formulation at the 2.0 lb ail A 
rate resulted in superior large crabgrass control ( 96 
and 7 8 % , respectively) when compared to the same 
rate applied in a granular formulation ( 45 and 45 % , 
respectively) . In addition, control of the three 
broadleaf weed species, rough pigweed, lambsquarter, 
and ragweed, was much improved with the 2E formu-
lation when compared to the 2G application at the 
2.0 lb. ai/ A rate (Table 1). 
Both broadleaf and grass weed control perform-
ances of oxyfluorfen at the 2.0 lb ail A rate were 
Percent Weed Control 
Crabgrass Rough Pigweed Ragweed Lambsquarter 
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60 35 60 35 60 35 60 
27.7 47.3 66.6 29.4 56.2 71.0 98.0 
45.3 75.7 88.7 57.6 80.2 82.2 97.4 
58.0 98.3 96.0 94.l 95.8 98.9 99.4 
83.9 97.6 97.8 97.3 99.l 96.8 99.8 
78.l l 00.0 99.4 99.3. 99.2 l 00.0 98.8 
54.4 86.6 92.6 89.8 94.l 96.7 99.8 
86.0 100.0 99.6 91.7 90.9 l 00.0 l 00.0 
98.9 99.4 l 00.0 92.9 89.8 l 00.0 100.0 
85.4 98.7 l 00.0 70.0 71.l 99.l l 00.0 
29.2 12.4 33.4 16.3 23.l 23.7 16.l 
93.9 94.0 96.7 90.8 92.6 96.2 99.8 
greatly enhanced when it was combined with sima-
zine at 1.0 lb ail A, oxadiazon at 4.0 lb ai/ A, oryzalin 
at 4.0 lb ai/ A, or prodiamine at 3.0 lb ail A when 
compared to the oxyfluorfen 2G used singly at the 
2.0 lb ail A rate (Table 1). 
At the reco~mended rate of 2.0 lb ail A, the 
single application of oxyfluorfen-2G was safe on all 
nine ornamental crops, except the Wyatti firethorn 
when evaluated 35 days after application. As the 
rate of the granular oxyfluorfen increased to 8.0 lb 
ail A, significant injury was apparent on the red-
osier dogwood, cranberry cotoneaster, border for-
sythia, and Wyatti firethorn when evaluated 35 days 
after application. Sixty days after treatment, this 
injury was less apparent on all species except the 
cranberry cotoneaster (Table 2) . 
When evaluating the phytotoxicity, it became 
·apparent that the 2E application at 2.0 lb ail A 
resulted in significantly more injury than the com-
parable rate of the granular m·aterial, particularly 
when evaluated 35 days after application. Sixty 
days after application, phytotoxicity from the 2E ap-
plication was less evident (Table 2) . 
In summary, oxyfluorf'en at the recommeµded 
rate of 2 lb ail A will not adequately control weed 
growth in container nursery crops to warrant any 
further evaluation. However, the combination of 
oxyfluorfen at the 2.0 lb ai/ A rate with either 1.0 lb 
ail A of simazine, 4.0 lb ail A of oxadiazon, 4.0 lb 
ail A of oryzalin, or 3 .0 lb ail A of prodiamine pro-
vided satisfactory annual grass and broadleaf weed 
control without increased crop phytotoxicity. In 
addition, the 4.0 lb ail A rate of oxyfluorfen-2G war-
rants further evaluation, since it resulted in improved 
weed control without significantly increased phyto-
toxicity when compared to the 2.0 lb ai/ A rate of 
granular oxyfluorf en. These treatments should be 
TABLE 2.-Visual Evaluation of Herbicidal Phytotoxicity Following Application of Oxyfluorfen Singly and 
in Combination to Nine Species of Container Grown Nursery Crops. 
Treatment 
and 
Formulation 
Oxyfluorfen-2G -
Oxyfluorfen-2G 
Oxyfluorfen-2G 
Oxyfluorfen-2G 
Oxyfluorfen-2E 
Oxyfluorfen-2G + Simazine-4G 
Oxyfluorfen-2G + Oxadiazon-4G 
Oxyfluorfen-2G + Oryzalin-5G 
Oxyfluorfen-2G + Prodiamine-4G 
Check-Unweeded 
Check-Handweeded 
LSDo.05 
Rate 
Rate 
lb ai/A 
1.0 
2.0 
4.0 
8.0 
2.0 
2.0 + 1.0 
2.0 + 4.0 
2.0 + 4.0 
2.0 + 3.0 
English 
Ivy Treatment 
and 
Formulation lb ai/A 35 60 
Oxyfluorfen-2G 
Oxyfluorfen-2G 
Oxyfluorfen-2G 
Oxyfluorfen-2G 
Oxyfluorfen-2E 
Oxyfluorfen-2G + Simazine-4G 
Oxyfluorfen-2G + Oxadiazon-4G 
Oxyfluorfen-2G + Oryzalin-5G 
Oxyfluorfen-2G + Prodiamine-4G 
Check-Unweeded 
Check-Handweeded 
1.0 
2.0 
4.0 
8.0 
2.0 
2.0 + 1.0 
2.0 + 4.0 
2.0 + 4.0 
2.0 + 3.0 
1.5 
1.8 
2.0 
1.8 
5.0 
1.8 
l'.0 
1.2 
1.0 
1.0 
1.0 
1.0 
1.0 
1.8 
1.2 
1.0 
1.0 
1.0 
1.0 
1.0 
1.5 
1.0 
LSDo.o5 0.8 N.S. 
*Visual rating scale: 1.0 == no injury; l 0.0 == complete kill. 
further evaluated to determine the full extent of their 
usefulness in controlling weed growth in container 
grown nursery stock. . 
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Red-Osier 
Dogwood 
35 
1.0* 
2.0 
1.0 
4.2 
6.8 
1.0 
1.2 
2.8 
1.5 
1.0 
2.0 
1.1 
60 
1.0 
1.0 
1.0 
1.8 
2.2 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 . 
N.S. 
Visual Evaluation of Phytotoxicity 
Cranberry 
Coton easter 
35 
2.8 
3.5 
3.2 
6.0 
7.0 
3.0 
1.0 
1.0 
1.8 
3.2 
1.0 
1.3 
60 
1.5 
1.8 
1.2 
3.2 
4.5 
1.0 
1.2 
1.0 
1.0 
2.5 
1.0 
0.7 
European 
Cranberry 
Viburnum 
35 
2.8 
2.0 
3.5 
1.8 
1.5 
1.5 
3.2 
2.0 
1.2 
1.0 
1.5 
N.S. 
60 
3.0 
3.5 
3.8 
2.5 
2.0 
2.2 
3.8 
3.8 
2.2 
1.5 
3.5 
N.S. 
Visual Evaluation of Phytotoxicity 
Green Luster Japanese ·wyatti 
Holly Pachysandra Firethorn 
35 60 35 60 35 60 
2.0 
1.2. 
3.2 
1.2 
5.2 
1.2 
3.5 
2.0 
1.5 
2.0 
2.8 
1.4 
2.0 
1.0 
1.8 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.0 
1.0 
N.S. 
1.2 
2.0 
3.2 
2.5 
6.5 
2.5 
3.5 
1.0 
2.5 
1.0 
2.0 
1.2 
1.0 
1.2 
1.8 
1.0 
5.0 
1.8 
1.0 
1.0 
1.0 
1.0 
1.0 
0.7 
4.8 
5.0 
3.5 
4.0 
7.2 
2.8 
5.0 
4.0 
3.5 
4.5 
2.2 
N.S. 
3.2 
2.2 
1.2 
1.2 
3.0 
1.0 
1.0 
2.0 
2.5 
3.0 
1.0 
N.S. 
Border 
Forsythia 
35 
2.8 
2.2 
2.2 
4.8 
4.2 
1.0 
1.2 
1.8 
1.8 
4.0 
3.2 
1.3 
60 
1.0 
1.8 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
N.S. 
Browni 
Yew 
35 60 
1.0 
1.5 
1.2 
2.0 
2.2 
1.8 
2.2 
1.8 
4.0 
1.2 
1.0 
0.8 
1.0 
2.2 
1.5 
1.5 
1.8 
2.0 
3.2 
1.8 
1.8 
2.2 
1.0 
N.S. 
3. Fretz, T. A. 1972. Control of annual weeds in 
container grown nursery stock. J. Amer. Soc. 
Hort. Sci., 97: 667-669. 
4. Fretz, T. A. 1972. Weed competition in con-
tainer grown Japanese holly. HortScience, 7: 
485-486. 
5. Fretz, T. A. and W. J. Sheppard. 1978. USB-
3153 and Oxyfluorfen: Two new experimental 
herbicides for container nursery stock. Ohio Agri. 
Res. and Dev. Ctr.; Res. Circ. 236 :48-50. 
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Tolerance of ~reenspire L'ittleleaf Linden to Herbicides 
ELTON M. SMITH1 
ABSTRACT 
The tolerance of Tilia cordata 'Greenspire' to 
pre-emergence and post-emergence herbicides was 
compared. Simazine, paraquat, and glyphosate were 
too injurious for commercial use, while 2,4-D and ca-
codylic acid were not injurious and could be recom-
mended for post-emergence weed co11trol. 
INTRODUCTION 
Several commercial nurserymen have experienced 
various degrees of inJury when using standard herbi-
cides in planting of lin~en trees. Little information 
exists in the literature relative to the tolerance of linden 
to herbicides. Since producers were asking for herbi-
cide recommendations, a 2-year study was initiated to 
evaluate pre-emergence and post-emergence herbicides 
on linden. 
MATERIALS AND METHODS 
Treatments and rates were: pre-emergence-si-
mazine (Princep) at 3.0 and 15.0 lb active ingredient 
per acre ( aia), post-emergence-glyphosate (Round-
up) at 1.5 and 7 .5 lb aia, paraquat (Paraquat) at 1.0 
and 5.0lb aia, and cacodylic acid (Phytar 560) at 2.5 
and 12.5 lb aia. The first figure represents the lX 
or recommended rate and the second is a 5X rate. 
The study was initiated on June 21, 1977, with 
a repeat application June 23, 1978. All herbicides, 
applied with a 5 gal pressure sprayer, were directed 
at the lower 18 inches of the trunks of the trees to de-
, termine bark and sucker injury. The bark was brown 
in color, although young Littleleaf Lindens have a 
. green undertone for several years. The study was 
conducted in a commercial nursery in Warren County, 
:cProfessor, Dept. of Horticulture, The Ohio Stcite University and 
Ohio Agricultural Research and Development Center. 
Ohio. The clay loam soil had a pH of 5.5 with 
drainage generally fair to poor. The plants were fer-
tilized and were routinely treated for insect and di-
sease control throughout the study. All the plants 
were Tilia cordata ~cr.e.enspire' purchased as 5-6-foot 
branched whips in the spring of 1976 and grown for 
1 year prior to treatment. There were four single 
tree replications per treatment. 
Evaluations were conducted periodically during 
the growing seasons of 1977 and 1978, with a final 
observation on June 2, 1979, to determine survival 
and growth· 2 years from treatment. 
RESULTS AND DISCUSSION 
Since the objective of this study was to evaluate 
phytotoxicity to the linden trees from various herbi-
cides, no efficacy data are reported. Injury was evalu-
ated by observing tfie tree canopy, bark of the trunk, 
and movement of herbicide from the suckers to the 
upper foliage. 
Fallowing 2 years of treatment and evaluation, 
the general tree condition as· shown in Table 1 indi-
cates varying states of tolerance. 
Princep was absorbed through the root system, 
began to show injury symptoms at both rates in the 
foliage at the end of the first growing season, and be-
came more damaging throughout the second growing 
season. . The in jury was expressed as mottled foliage, 
defoliation, and stem dieback in the high treatment 
rate and death of most trees. 
Paraquat at the 5X rate injured linden by the 
middle of the first season, with the foliage becoming 
chlorotic between the veins of some trees. By Septem-
ber of the first season, the foliage had abscissed and 
dieback of some branches had developed in the 5X 
TABLE 1.-The Effects of Herbicides on the General Condition of Tilia coraata 'Greenspire'. 
Tr.eatment Rate 
Princep lX 
5X 
Li th ate lX 
5X 
Paraquat lX 
5X 
Phytar 560 lX 
5X 
Roundup lX 
5X 
Check 
Tree Condition* 
2.3 
1.3 
3.8 
3.8 
3.5 
1.3 
4.0 
4.0 
3.5 
2.8 
4.0 
Comments 
Foliage mottled, stem dieback 
Most trees dead by end of second year 
Very good condition 
Very good condition 
Some leaf size reduction and yellow leaf colo~ 
Nearly all trees _died 
Excellent con.dition 
Excellent condition 
Slight leaf distortion 
Severe leaf brittleness and cupping on trees with suckers only 
Excellent condition 
*Visual scale following 2 years of treatments. 4.0 =::::: excellent condition-leaf size and color normal; 3.0 =::::: average to good condition, 
only slight to no dieback, leaf size or color abnormalities; 2.0 = poor or weakened condition-leaf size reduced, color yellow, some twig die-
back; 1 .0 =::::: trees dead. 
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TABLE 2.-The Effects of Herbicides on Trunk Bark Splitting of Tilia cordata 'Greenspire'. 
Treatment Rate 
Princep lX 
5X 
Lithate lX 
5X 
Paraquat lX 
5X 
Phytar 560 lX 
5X 
Roundup lX 
5X 
Check 
Bark Splitting* 
3.0 
3.0 
3.0 
2.8 
2.5 
l.O 
3.0 
3.0 
3.0 
2.5 
3.0 
Comments 
No bark injury 
No bark injury 
No bark injury 
Small sp.lit on one tree only 
Numerous small splits 
Severe splitting completely around trunk 
No bark splitting 
No bark splitting 
No bark splitting 
One tree with a 3-inch split 
No bark splitting 
*Visual scale following 2 years of treatment. 3.0 = no trunk splitting; 2.0 == slight trunk splitting with splits from 0 to 3 inches; l .O 
::::::: severe trunk splitting with splits more than 3 inches. 
treatments. Nearly all trees in the high Paraquat rate 
had died by the final evaluation. 
In the Roundup treatment there was very little 
injury the first season. However, leaf distortion and 
brittleness became obvious the second season. The 
higher the treatment rate, the greater the degree of 
injury of some trees. 
The Lithate and Phytar 560 treatments did not 
result in injury symptoms that would be harmful to 
commercial production. 
Since bark injury is common from herbicides ap-
plied to trees that have some green tissue in their trunk, 
an evaluation was conducted of each tree trunk. As 
shown in Table 2, the only severe injury to the trunks 
was from Paraquat treatment, particularly the 5X 
rate. Symptoms were noted the first growing season 
as a blistering effect with an orange to red coloration. 
By autumn of 1977 the trunk became whitish in 
color with. small holes and vertical hairline cracks ~ 
to 2 inches in length. During the second season the 
trunk tissue developed larger cracks and peeling, with 
some trunk swelling. 
Only an occasional split .or crack was observed 
on trees in other treatments and most likely these were 
not related to herbicide treatment. Lindens have a 
tendency to split when under stress from lack of ade-
quate nutrition ( 2) or other causes. 
All four post-emergence herbicides killed the 
suckers present on the trunk at the time of treatment. 
Only the Roundup treatment proved damaging to the 
tree canopy, however, as the herbic;:ide was translo-
cated from the suckers to the upper foliage. The 
symptoms were not observed until the second growing 
season. The injury symptoms would not be accep-
table to a commercial grower. There was no foliar 
injury noted when suckers were not present at the time 
of spraying. Injury to Littleleaf Linden.from Round-
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TABLE 3.-The Effects of Herbicide Contact with 
Suckers on Tilia cordata 'Greenspire'. 
Treatment Rate Suckers Killed* Herbicide Translocated* 
Princep lX No No 
5X No No 
Lit hate lX Yes No 
5X Yes No 
Paraquat lX Yes No 
5X Yes No 
Phytar lX Yes No 
5X Yes No 
Roundup lX Yes Yes 
5X Yes Yes 
Check No No 
*Eva.luation based on observations from a minimum of two 
trees/treatment for 2 years, with suckers varying in length from 3 
to 24 inches. 
up with suckers present has been previously reported 
( 1). 
SUMMARY 
Greenspire Littleleaf Linden is susceptible to in-
jury from Princep, Paraquat, and Roundup. Lith-
ate and Phytar 560 did not injure the trees at recom-
mended and 5X rates and could be 4sed to control 
weeds in linden. Lithate is selective for broadleaf . 
weeds only, while Phytar 560 is no longer formulated. 
However, cacodylic acid, the active ingredient in Phy-
tar 560, is available under other trade names. 
LITERATURE CITED 
1. Smith, Elton M. 1977. Phytotoxicity of gly-
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tion. OARDC, Res. Gire. 226 :35-38. 
2. Smith, Elton M. 1974. Fertilization reduces 
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Defoliation of 14 Species and Cultivars 
of Linden (Til'ia Species) by the Fee~ing 
of Adult Japanese Beetles (Popillia japonica Newman) 
During the Summer of 1979 
T. DA VIS SYDNOR1 
ABSTRACT 
A number of lindens were not injured as severely 
by the feeding of Japanese beetle adults as were Sor-
bus and Corylus. Upright American linden, Chan-
cellor, Rancho, and XPl 10 littleleaf linden, Mongo-
lian linden, and silver linden were not favored hosts 
and suffered only moderate damage even when sub-
jected to large numbers of beetles. Greenspire little-
leaf linden, Crimean linden, and large leafed lindens 
should be avoided in areas subject to heavy infesta-
tions of Japanese beetles. 
INTRODUCTION 
The Japanese beetle is becoming a serious pest 
in portions of Ohio ( 3). Japanese beetle populations 
in the Wooster area have been high for the last sev-
eral years. These pests are voracious feeders and 
can seriously damage or defoliate some trees. 
Lindens are generally considered to be a favored 
food source for the Japanese beetle.adult (1, 2, 3, 4). 
Lindens may be excluded from city plantings where 
the Japanese beetle has been a problem in recent 
years. Municipalities in general are unable to spray 
'" street trees in order to control a pest such as Japanese 
beetle. Cost is certainly a factor in this decision of 
municipalities, but the liability associated with spray-
ing operations is frequently the major concern. 
A much more satisfactory approach for cities 
would be to plant trees which are not a favored host 
of this particular insect. Due to the wide range of 
genetic characteristics in the genus Tilia) and previous 
observations, it was thought that one or more species 
may not be a favored host. The shade tree evaluation 
plots located in Wooster, with more than 140 species 
and cultivars of ·trees, off er a unique opportunity to 
test this concept. 
MATERIALS AND METHODS 
Between the spring of 1967 and the spring of 
1969, 14 species and cultivars of Linden (Tilia) were 
planted at the shade tree evaluation plots at the Ohio 
Agricultural Research and Development Center iri 
Wooster. Eight trees per species and cultivars were 
planted in a random pattern 25 feet on centers. Over 
jAssociate Professor, Dept. of Horticulture, The Ohio State Uni-
versity and Ohio AgriculturC!l Research and Development Center. 
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the years, some of the trees have died from transplant 
shock, mechanical injury, and disease problems. A 
list of the species and cultivars and the number of sur-
viving trees are given in Table 1. 
Maintenance of the trees has been minimal and 
has been similar to care afforded trees in a munici-
pality. Fertilizer has been applied once and trees· 
were sprayed in recent years to control Japanese beetle. 
In 1979, it was decided to evaluate the tr~es and to 
determine if there was any difference between species 
or cultivars in the severity of feeding due to the 
Japanese beetle. Trees were evaluated several times 
during July and August 1979. The data presented 
are based on an evaluation conducted on August 16, 
1979. At this time, the majority of feeding by the 
Japanese beetle adults was complete. The numbers 
of beetles present since that time have been relatively 
- small and damage since the evaluation on August 16 
has been minimal. 
No attempt was made to control feeding of the 
Japanese beetle adults during this test. It was be-
lieved that a homeowner would probably wish to 
spray when damage exceeded 15% of the foliage. 
Damage became noticeable when more than 15% 
of the foliage was destroyed. 
TABLE 1.-Numbers of , Plants of 14 Species and 
Cultivars Growing in the Shade Tree Evaluation Plot 
a~ OARDC. 
Species 
Americana 
cord a ta 
euchlora 
Europeae 
mongolica 
platyphyllos 
tomentosa 
Cultiv:ar 
fastigiata 
sp. 
Chancellor 
Green spire 
Rancho 
XPllO 
sp. 
Redmond 
sp. 
Pallida 
sp. 
fastigiata 
Ore bro 
sp. 
Number of Plants 
6 
6 
6 
6 
8 
8 
7 
8 
4 
8 
3 
5 
8 
8 
TABLE 2.-Percent of Defoliation of 14 Species and Cultivars of Linden by 
Japanese Beetle Adults in the Summer of 1979. 
Species Cultivar 
Americana fastigiata 
cord a ta sp. 
Chancellor 
Green spire 
Rancho 
XPllO 
euchlora sp. 
Redmond 
Europeae sp. 
Pal Iida 
mongolica sp: 
platyphyllos fastigiata 
Ore bro 
tomentosa sp. 
RESULTS AND DISCUSSION 
Two linden species, T. euchlora and T. platy-
phyllos, were severely injured in this study. Tilia cor-
data and T. europeae are intermediate, with some cul-
tivars highly prone to in jury and some showing re-
duced feeding. The American linden (Tilia ameri-
cana), Mongolian linden (Tilia mongolica), and the 
silver linden (Tilia tomentosa) were the least severely 
injured species (Table 2). 
The beetle populations in Wooster in 1979 were 
quite high. On the most favored host, as many as 20 
beetles per leaf were observed feeding at one time. 
Favored hosts, such as Greenspire linden, Redmond 
linden, the Crimean linden, the European linden, and 
the fastigiate and Orebro largeleaf lindens, tend to 
attract. larger numbers of beetles than would other-
wis~ be present. The less severely injured types, 
such as the upright American linden, Chancellor, 
TABLE 3.-Defoliation of 12 Genera of Shade 
Trees by Japanese Beetles in the ·Summer of 1979. 
P.ercent of 
Genera Defoliation 
Acer 3 
Cory I us 88 
Crataegus 20 
Fraxinus 0 
Ginkgo 2 
Gleditsia 0 
Mal us 16 
Platanus 1 
Quercus ·23 
Sorbus 82 
Tilia 54 
U!mus 52 
Number 
P.ercent of of Std. 
Defoliation Plants Dev. 
38 
31 6 14 
65 6 30 
33 •6. 26 
86 6 12 
35.0 8 16 
39 8 10 
77 7 4 
76 8 14 
80 4 14 
43 8 15 
23 3 15 
70 5 14 
71 8 22 
31.2 8 13 
Rancho, XP 110 littleleaf linden, Mongolian linden, 
and the silver linden, would probably not require 
spraying under normal conditions. 
The variation in favoritism within the littleleaf 
linden species is remarkable. City arborists and 
homeowners alike can take advantage of the fact that 
Chancellor, Rancho and XPllO littleleaf lindens are 
not favored host plants. Under relatively light in-
festations, little or no spraying would be required. 
Even if 30 to 40% of the foliage was damaged, the 
photosynthetic capability of the plant would likely 
be only slightly affected. These plants will probably 
not be adversely affected as far as growth rate is con-
cerned, although the damage would be quite notice-
able. 
The feeding of the beetles on plants other than 
linden was also evaluated. A comparison of linden 
and a number of other genera (Table 3) gives an idea 
of how lindens compare in general with other genera 
of plants. Filbert ( Corylus) and Mountain Ash 
( Sorbus) were the most severely damaged by the 
Japanese beetle. More than 80% of the foliage of 
these two plants was destroyed. In cqntrast, linden 
and elm (Ulmus) showed about 50% defoliation. A 
number of other commonly grown genera of trees 
showed little or no injury. 
Additional time will be required to properly 
evaluate the impact of the Japanese beetle on lindens. 
The depression of growth rate, if it exists, will be 
documented as will the feeding habits of the insect 
for the next several years. As additional information 
becomes available, it will be possible to take advan-
tage of the well known tolerance of the lindens to city 
conditions without having to be overly concerned 
about the feeding of the Japanese beetle. 
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Evaluation of Fungicides for Control 
of Some Ornamental Plant Diseases 
C. C. POWELL 1 
ABSTRACT 
Fungicide evaluation trials were conducted on 
a number of trees, shrubs, and herbaceous _plants. 
Leaf blight and powdery mildew on zinnia were both 
controlled with copper hydroxide (Kocide 101), but 
the product was phytotoxic. Black spot on rose was 
controlled well with a fungicide consisting of 10% 
carbendazim plus 64% mancozeb (DPX 164-2). 
Scab on firethorn was completely prevented with cop-
per hydroxide. Powdery mildew on Mallis azalea 
was eliminated with triadimefon. Mancozeb (Man-
zate 200) was found to be safe for use on hollyhock, 
aster, snapdragon, and chrysanthemum. 
INTRODUCTION 
Although there are many ways to control or 
manage plant diseases, fungicides remain as one of 
the most important tools ( 5) . A research program 
has been underway at The Ohio State University for 
some time to provide data necessary to get increased 
labeling of already available products as well as new 
experimental fungicides ( 6, 7). This additional la-
beling is needed to enable ornamental plant horticul-
turists and nurserymen to use fungicides against 
plant dis_eases legally. 
Because of the high value of ornamental crops, 
chemical companies must be convinced through data 
that their product is effective at controlling the di-
sease as well as safe, not phytotoxic, to the crop. 
Ornamental crop uses are considered a "specialty" or 
"minor" market by most chemical companies because 
there are no large acreages as with corn, soybeans, 
etc. Fortunately, however, most companies will pro-
ceed with label expansion and development if sound 
information is made available to them. 
Since there are so many different crops and di-
seases covered under the term "ornamentals", it is 
important that fungicides be developed that are gen-
eral enough in their activity to be useful against a 
wide variety of pathogens and safe on most kinds of 
plants ( 1, 3). A fungicide that might be extremely 
effective against one disease on one crop is not as use-
ful to the ornamentalist as one that is moderately ef-
·fective, but that has potential for broad label develop-
ment ( 5). This is why older fungicides, such as cop-
pers or EBDC's, are prominent in this research pro-
:•Associate Professor, Dept. of Plant Pathology, The Ohio State 
University and Ohio Agricultural Research and Development Center. 
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gram ( 6, 7). Se_veral combination materials also 
were included in this year's projects. 
The disease systems chosen for research comprise 
models that give a good indication of the general use-
fulness of the fungicides ( 2, 4). Zinnia, for instance, 
is not a particularly important ornamental. How-
ever, this plant has been used by many researchers as 
a convenient system to assess the safety of fungicides 
on herbaceous annuals as well as to evaluate the abili-
ty of a product to control two rather diverse patho-
. gens at the same time on the same plant ( 4) . There 
are seyeral tests in which the disease did not naturally 
develop this past year. Still, results are reported 
concerning phytotoxicity, since this is of equal impor-
tance to efficacy as far as usefulness of the product is 
concerned ( 8) . 
METHODS AND RESULTS 
Tri~l I: Leaf blight (caused by Alternaria 
zinniae) and powdery mildew (caused by Erysiphe 
cichoracearum) on zinnia (Zinnia-elegans): Zin-
nia seed was planted in May 1978 into field rows that 
were overhead irrigated as· needed. When plants 
were approximately 2 feet tall, they were sprayed on 
a bi-weekly schedule on July 17, 1978, July 31, 1978,. 
August 15, 1978, and August 29, 1978.. Fou~ ran-
domized replications of approximately 6 feet of row 
per replication were sprayed for each of the 18 treat-
ments. Plants were sprayed to runoff with a 2-gal-
lon COrpressurized sprayer (25 psi). Disease se-
verity ratings for powdery mildew and leaf blight and 
phytotoxicity ratings were taken on Sept. 18, 1978 
(Table 1). 
Both diseases were quite severe by ~eason's end. 
Mildew was best controlled by those treatments con-
taining benomyl (Benlate, DPX 115B, DPX 112-2) 
or carbendazim (DPX 164-12). Blight was best 
controlled by Kocide or by treatments containing 
maneb or mancozeb. It is not known why the Ben-
late plus Manzate 200 tank mixed treatment did so 
poorly on blight control. The copper fungicides were 
quite phytotoxic in this test and should not be used 
on zinnias. The other treatments that resulted in. 
toxicity ratings averaging less than 1 were hardly 
noticeable. 
Trial 2: Black spot (caused by Diplocarpon 
rosae) on rose (Rosa dilecta 'Peace' and 'Com-
mand Performance'): Bi-weekly sprays on both 
cultivars were initiated on June 19, 1978, and were 
TABLE 1.-Blight and Mildew Control on Zinnia. 
Mildew Blight 
Treatment and Rate/100 Gallons Severity* Severity Phytotoxicity 
DPX 115 B 60-WP 3 lb + Exhalt 800 8 oz 0.0 at 1.8 abed 0.5 a 
DPX 115 B 60 WP 1.5 lb + Exhalt 800 8 oz 0.0 a 2.4 abed 0.0 a 
DPX 164-2 74 WP 2 lb + Exhalt 800 8 oz 0.0 a 2.5 abed 0.0 a 
Benlate 50 WP 8 oz+ Manzate 200 80 WP 
l lb + Exhalt 800 8 oz 0.0 a 3.3 d 0.0 a 
DPX 164-2 7 4 WP 4 lb + Exhalt 800 8 oz 0.3 a 1.3 ab 0.0 a 
DPX 112-2 80 WP 4 lb + Exhalt 800 8 oz 0.4 ab 2.0 abed 0.0 a 
DPX 112-2 80 WP 2 lb + Exhalt 800 8 oz 0.8 abc 1.5 abc 0.0 a 
Daconil 4F 8 pt 1.2 abed 1.6 1abc 0.0 a 
Kocide l 01 77 WP :4 lb + Exhalt 800 8 oz 1.4 abcde 1.0 a 3.8 c 
Daconil 4F 2 pt 1.8 bcde 2:3 abed 0.0 a 
Triforine 18.2 EC 48 oz 2.0 cde 3.0 cd 0.3 0 
Manzate 200 80 WP 6 lb + Exhalt 800 8 oz 2.3 de 1.3 ab 0.5 a 
Kocide 101 77 WP l lb + Exhalt 800 8 oz 2.5 de 1.5 abc 3.3 c 
Manzate 200 80 WP 1.5 lb + Exhalt 800 8 oz 2.8 ef 1.0 a 0.3 a 
Triforine 18.2 EC 12 oz 4.0 fg 2.8 bed 0.8 a 
Citcop 4E 2 qt 4.3 g 2.5 abed 2.0 b 
Citcop 4E 4 qt 4.4 g 3.2 d 3.6 c 
Check 5.0 g 5.0 e 0.0 
*Mildew and blight severity: 0 == no disease, 5 == l 00 % of foliage infected; phytotoxicity: 0 == no damage, 5 :=::: l 00 % of foliage 
exhibiting necrotic flecking. 
'tThe small letters indicate Duncan's multiple range groupings of treatments which do not differ significantly at the 0.05 level. 
TABLE 2.-Black Spot Control on Two Cultivan; of Hybrid Tea Roses. 
Treatment and Rate/100 Gallons 
CGA 64251 0.846 EC l pt 
CGA 64251 0.846 EC l qt 
Benlate 50 WP 8 oz + Exhalt 800 8 oz 
DPX 164-2 74 WP 4 lb + Exhalt 800 8 oz 
DPX 164-2 74 WP 2 lb+ Exhalt 800 8 oz 
Citcop 4E 2 qt 
Citcop 4E 4 qt 
Bayleton 50 WP 2 oz + Exhalt 800 8 oz 
Bayleton 50 WP 4 oz + Exhalt 800 8 oz 
Check 
Augus~ 7 
(Peace) 
0.0 at 
0.1 a 
0.3 ·a 
0.5 ab 
0.8 b 
4.0 c 
4.0 c . 
4.5 d 
Disease Severity* 
August 7 
(Com. Per.) 
0.2 a 
0.0 a 
0.5 a 
2.0 b 
3.2 be 
4.0 c 
*Disease severity: 0 ::::::: no disease, 5 == l 00 % of foliage with at least one lesion or defoliated. 
August 29 
(Peace) 
1.4 be 
0.8 ab 
1.4 be 
0.5 a 
1.9 c 
4.6 d 
4.6 d 
4.8 d 
i"The small letters indicate Duncan's multiple range groupings of treatments which do not differ significantly at the 0.05 level. Each ob-
servation analyzed separately. 
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repeated on June 30, 1978, July 14, 1978, July 27, 
1978, and August 10, 1978. Two-to-three year-old 
plants were treated in non-irrigated field plantings on 
4-foot centers in the row. For the 'Command Per-
formance' roses, three randomized replications of 
three plants each for six treatments were sprayed and 
for the 'Peace' roses four replications of six plants 
were sprayed to runoff with a 2-gallon COrpres-
surized sprayer ( 25 psi). The 'Peace' roses were 
rated for disease severity on August 7, 1978, and 
August 26, 1978, and the 'Command Performance' 
roses were rated on August 7, 1978 (Table 2). 
Citcop and Bayleton did not adequately control 
the disease at these rates and spray intervals. The 
August 29 observation was made 19 days after the 
last spray and indicates that all effective chemicals 
were about equal in residual protection, with DPX 
164-2 at 4 lb being the best. However, the DPX 
164-2 treatment resulted in an unacceptable residue 
at either rate. On August 29, there was a suggestion 
of leaf thickening and stunting of the 'Peace' roses 
treated with CGA 64251 at 1 quart/100 gallons. No 
other phytotoxicity was noted. 
Trial 3: Scab (caused by Fusicladium pyra-
canthe) .on firethorn (Pyracantha coccinea 'La-
landei'): Plants were grown in 2-gallon containers 
· under standard nursery conditions with overhead irri-
gation. Treatments were applied on a bi-weekly 
schedule on June 7, 1978, June 21, 1978, July 6, 
1978, July 19, 1978, August 2, 1978, and August 16, 
1978. A randqmized complete block design was 
used with four replications of approximately 45 
plants per replication for each of seven treatments. 
Plants were sprayed to runoff wjth a 2-gallon C02-
pressurized sprayer ( 25 psi). Disease severity and 
phytotoxicity were rated on August 24, 1978 (Table 
3). 
Although disease was severe in the check plants, 
excellent control of scab was obtained with both cop-
per fungicides. The Kocide treated plants had a 
heavy residue apparent at all times with both rates. 
This should not affect salability, however. Strepto-
TABLE 3.-Fungicides for Control of Sccib on Firethorn. 
Treatment and Rate/100 Gallons · Disease Severity* Phytotoxicityt 
Kocide 101 77 WP 4 lb + Exhalt BOO 8 oz 
Kocide l 01 77 WP 1 lb + Exhalt 809 8 oz 
Citcop 4E 4 qt 
Citcop 4E 2 qt 
Agristrep 21.2 WP 4 lb + Exhalt 800 8 oz 
Agristrep 21.2 WP l lb + Exhalt 800 8 oz 
Check 
0.0 a:j: 
0.0 a 
0.1 a 
0.2 a 
2.6 b 
2.7 b 
3.6 c 
*Disease severity: 0 == no disease, 5 == l 00 % of leaves with at least one scab. 
0 
0 
0 
0 
1.7 
0.3 
0 
tPhytotoxicity: 0 == no phytotoxicity, 5 == all young foliage with chlorotic leaf tips (plants rated 4 or above were unsalable). 
iThe small letters indicate Duncan's multiple ran.ge groupings of treatments which do not differ significantly at the 0.05 level. 
\ 
TABLE 4.-Control of Powdery Mildew on Mollis Azalea. 
Treatment and Rate/100 Gallons 
Bayleton 25 WP 4 oz + Exhalt 800 8 oz 
Bayleton 25 WP 8 oz+ Exhalt 800 8 oz 
Triforine 18.2 EC 48. oz 
Bayleton 50 WP 4 oz + Exhalt 800 8 oz 
Triforine 18.2 EC 12 oz 
Benlate 50 WP 8 oz + Exhalt 800 8 oz 
Benlate 50 WP 16 oz+ Exhalt 800 8 oz 
Bayleton 50 WP 2 oz + Exhalt 800 8 oz 
Bayleton 50 WP 4 oz + Exhalt 800 8 oz 
Check 
Disease Severity* 
0.0 at 
0.0 a 
0.1 a 
0.1 a 
0.2 a 
0.2 a 
0.3 ab:j: 
0.3 ab 
0.6 b:j: 
2.1 c 
· *Disease severity: 0 == no disease, 5 == l 00 % of upper leaves with at least one powdery mildew 
colony. 
'tThe small letters indicate Duncan's multiple range groupings of treatments which do not differ 
significantly at' the 0.05 level. 
:j:These treatments applied monthly. 
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TABLE 5.-Phytotoxicity Test on Aster, Hollyhock, Snapdragon, Chrysanthemum.* 
Phytotoxi city 
Treatmentst Rate/100 Gal . Hollyhock* Aster Snapdragon Chrysanthemum* 
Daconil 4F 2 pt 2.7 None None 1.0 
Daconil 4~ 8 pt 3.0 None None 1.3 
Ma nzate 200 80 WP 
+ Exhalt 800 1.5 lb+ 8 oz 0.0 None· None 0.0 
Ma nzate 200 80 WP 
+ Exhalt 800 6 lb+ 8 oz 2.3 None None 3.3 
H719 (481-1218) 3.3EC 120 oz 4.0 None None 0.3 
H719 (481-1218) 3.3EC 60 oz 3.9 None None 2.7 
H719 (481-1218) 3.3EC 30 oz 4.0 None None 0.7 
Plantvax 75 WP 
+ Exhalt 800 l lb+ 8 oz 2.7 None None 1.0 
DPX 112-2 + Exhalt 800 2 lb+ 8 oz 2.7 None None 0.7 
DPX 112-2 + Exhalt 800 ,4 lb + 8 oz 2.7 None None 0.0 
Check 0.0 None None 0.0 
*Cultivars were: Aster hybridus 'Bonnie Blue', Althaea rosea, Antirrhinum majus 'Floral Carpet', and Chrysanthemum hortorum 'Ruby 
Mound'. 
tApplications were made on May 27, 1979; June 14, 1979, June 28, 1979, July 14, 1979, July 30, 1979, August 15, 1979, and Sept. 
1, 1979. Final observation made on Sept. 15, 1979. 
:j:Hollyhock damage consisted of marginal leaf burn and chlorosis, rated on a 0 to 5 scale {5 =: l 00 % of foliage affected}. Chrysanthe-
mum damage consisted of open flower burn, rated on a 0 to 5 scale {5 =: l 00 % _of opened flowers affected). 
TABLE 6.-Phytotoxicity Test on Pachysa~dra. 
Treatments* 
Benlate 50 WP + Exhalt 800 
Ben late 50 WP + Ex ha It 800 
Benlate 50 WP + Exhalt 800 
Benlate 50 WP + Manzate 200 
80 WP + Ex ha It 800 
Benlate 50 WP + Manzate 200 
80 WP + Ex ha It 800 
Daconil 4F 
Daconil 4F 
DPX 164-2 + Exhalt 800 
DPX 164-2 + Exhalt 800 
Check 
Rate/100 Gallons 
8 oz+ 8 oz 
16 oz+ 8 oz 
64 oz+ 8 oz 
8 oz + l 6 oz + 8 oz 
32 oz + 64 oz + 8 oz 
2 pt 
8 pt 
2 lb+ 8 oz 
4 lb+ 8 oz 
Phytotoxi city 
None 
None 
None 
None 
None 
None 
None 
None 
None 
*Applications were made on August 3, 1979, August 16, 1979, August 30, 1979, and Sept. 15, 1979. Final observation was made on 
Sept. 30, 1979. 
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TABLE 7.-Phytotoxicity Test on Myrtle (Vinca Minor). 
Treatments* 
Benlate 50 WP + Exhalt 800 
Benlate 50 WP + Exhalt 800 
Benlate 50 WP + Exhalt 800 
Benlate 50 WP + Manzate 200 80 WP 
+ Exhalt 800 
Benlate 50 WP + Manzate 200 80 WP 
+ Exhalt 800 
Daconil 4F 
Daconil 4F 
Manzate 200 + Exhalt 800 
Koci de 101 77 WP + Exha It 800 
Kocide 101 77 WP + Exhalt 800 
Check 
Rate/100 Gallons 
8 oz+ 8 oz 
16 oz+ 8 oz 
64 oz + 8 oz 
8 oz + 1 6 oz + 8 oz 
32 oz + 64 oz +8 oz 
2 pt 
8 pt 
1.5 lb + 8 oz 
1 lb+ 8 oz 
4 lb + 8 oz 
Phytotoxi city 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
*Applications were made on July 16, 1979, July 20, 1979, Sept. 2, 1979, Sepi'. 16, 1979, Sept. 30, 1979, and Oct. 15, 1~79. Final 
observation was made on Oct. 30, 1979. 
mycin was not effective in controlling the disease. 
Furthermore, it was slightly phytotoxic, with 13 out 
of 180 treated plants being unsalable. · 
Trial 4: Powdery mildew (caused by (Micro-
sphaera alni) on Mollis azalea (Rhododendron 
sp.): Field grown 'Mallis' azaleas (approximately 2 
feet tall) were sprayed bi-weekly with seven fungicide 
treatments on August 16, 1978, August 31, 1978, and 
Sept. 15, 1978. Two treatments were sprayed on a 
monthly schedule August 16, 1978, and Sept. 15, 
1978. Three randomized replications of approxi-
mately 16 plants were sprayed· to runoff with a 2-
gallon C02-pressurized sprayer ( 25 psi). Moderate 
disease incidence was present in the test plants just 
prior to initiation of the experiment. Disease ratings 
were based on infection of upper foliage that occurred 
after the trial was begun. Disease severity was rated 
on Sept. 25, 1978 (Table_4). 
All treatments adequately controlled the disease. 
Bayleton 50 WP sprayed monthly may have per-
formed better at higher rates. No phytotoxicity was 
noted. 
Trials 5-10: Phytotoxicity evaluations of se-
lected fungicides on aster (Aster hybridus 'Bonnie 
Blue'), hollyhock (Althaea rosea), snapdragon 
(Antirrhinum majus 'Floral Carpet') chrysanthe-
mum (Chrysanthemum hortorum 'Ruby Mound'), 
pachysandra (Pachysandra terminalis), and myrtle 
(Vinca minor): For each of these experiments, three 
randomized blocks of 8 feet of bed or row were 
treated for each treatment listed. Plants were 
sprayed to runoff with a 2-gallon COrpressurized 
sprayer ( 25 psi) according to application schedules 
noted in Tables 5, 6, and 7. Rates four times higher 
than necessary to control the disease were tested pur: 
posely to evaluate the potential for plant damage. 
TABLE 8.-Experimental Fungicides Used in Reported Trials. 
Product 
Bayleton 25 and 50 WP 
CGA-64251 0.846 EC 
DPX 164-2 74 WP 
DPX 1158 60 WP 
H 719 75 WP 
Source 
·Mobay Chemical Corp. 
Ka_nsas City, Mo. 
Ciba-Geigy Agri. Div. 
Greensboro, N. C. 
E. I. duPont de Nemours & Co., 
Wilmington, Del. 
J. I. duPont de Nemours & Co.', 
Wilmington, Del. 
Uniroyal,· Inc. 
Bethany, Conn. 
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Common Chemical Name 
triadimefon 
No common name 
10 % carbendazim + 64.% mancozeb 
6 % benomyl + 60 % maneb 
No common name 
Some phytotoxicity was noted on some of the 
herbaceous plants tested (Table 5) . The ground 
covers were not damaged by any treatment (Tables 
6 and 7). 
DISCUSSION 
The products that contain combinations of car-
bendazim or benomyl plus captan or maneb hold 
promise for use in ornamental disease control (Table 
8). They have wide activity and are generally safe 
on plant material ( 3, 8) . Furthermore, they appear 
to be more effective than tank mixes of fungicides 
sold separately. Copper fungicides, .the EBDC's, 
and Daconil also performed well in most of the test. 
There were cases,. however, when these products dam-
aged plants or failed to control the pathogen. Tests 
in other areas of the United States. generally con-
firmed these findings ( 1, 4, 8). One must be careful 
in any attempts to generalize. Bayleton was an ef-
fective experimental fungicide for control of powdery 
mildews. 
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BETT~R LIVING IS THE PRODUCT 
of research at the Ohio Agricultural Research and Development Center. 
All Ohioans benefit from this product. 
Ohio's farm families benefit from the results of agricultural re-
. search translated into increased earnings and improved living condi-
tions. So do the families of the thousands of workers employed in the 
firms making up the state's agribusiness complex. 
But the greatest benefits of agricultural research flow to the mil-
lions ~f Ohio consumers. They enjoy the end products of agricultural 
science-the world's most wholesome and nutritious food, attractive 
lawns, beautiful ornamental plants, .pnd hundreds of consumer prod-
ucts containing i_ngredients originating on the farm, in the greenhouse 
and nursery, or in the forest. 
The Ohio Agricultural Experiment Station, as the Center was called 
for 83 years, was established at The Ohio State University, Columbus, 
in 1882. Ten years later, the Station was moved to its .present loca-
tion in Wayne County. In 1965, the Ohio General Assembly passed 
legislation changing the name ·to Ohio Agricultural Research and De-
velopment Center-a name which more accurately reflects the nature 
and scope of the Center's research program today. 
Research at OARDC deals with the improvement of all agricuf-
tural production and marketing practices. It is concerned with the de-
velopment of an agricultural product from germination of a seed or 
development of an embryo through to the consumer's dinner table. It 
is directed at improved human nutrition, family and child development, 
home management, and all other aspects of family life. It is geared_ 
to enhancing and preserving the quality of our environment. 
Individuals and groups are welcome to visit the OARDC, to enjoy 
the attractive buildings, grounds, and arboretum, and to observe first 
. hand research aimed at the goal of Better Living for All Ohioans! 
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Ohio's major soil types and climatic 
conditions are represented at the Re-
search Center's 12 locations. 
Research is conducted by 15 depart-
ments on more than 7000 acres at Center 
headquarters in Wooste_r, eight branches, 
Pomerene Forest Laboratory, North Appa-
lachian Experimental Watershed, and 
The Ohio State University. 
Center Headquarters, Wooster, Wayne 
County: 1953 acres 
Eastern Ohio Resource Development Cen-
ter, Caldwell, Noble County:. 2053 
acres 
Jackson Branch, Jack?on, Jackson Coun -
ty: 502 acres 
Mahoning County Farm, Canfield: 275 
acres 
\ 
Muck Crops Branch, Willard, Huron Coun-
ty: 15 acres 
North Appalachian Experimental ·water-· 
shed, Coshocton, Coshocton County: 
1047 acres (Cooperative with Science 
and Education Administration/ Agri-
cultural Research, U. S. Dept. of Agri-
culture) 
Northwestern Branch, Hoytville, Wood 
County: 247 acres 
Pomerene Forest Laboratory, Coshocton 
County: 227 acres 
Southern Branch, Ripley, Brown County: 
275 acres 
Vegetable Crops Branch, Fremont, San-
dusky County: l 05 acres 
Western Branch, South Charleston, Clark 
County: 428 acres 
